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eR shbe MANUFAOTURERS 
Belting 


GUTTA Bane & wripes LIMITED 
8510 


Y arrow & Co., Ltd., 
SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 


SPBEDS UP TO 45 MILBS AN HOUR. 
PADDLE OR SCREW STBAMERS OF 
RXcEPTionaL SHaLLow Dravenr. 


Repairs on Pacific Coast| 


by YARROWS, ———— , Victoria, we 
SurpsurLpers, Sure REPAIRERS AND ENGINEERs. 





A. ram aioaak. T4 


CULVER STREET WORKS, COLCHESTER. 
Ow ADMIRALTY axp War OFFice Lbs. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FRED PUMPS. 

See Advertisement, pages 33 and 98, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FREED REGULATORS. 


4 Auxiliary Machin as supplied to the 
- Admiralty. ve 2179 


J ohn H, Witeon &Oo., Ltd. 


Birkenhead. 








See Illustrated Advertisement 
Page 117, Sept. 10. 


| ocomotive shunting Crsines 


Steam and Eiectric 


ranes, 
EXCAVATORS, CRANE-NAVVIES, GRABS, 
CONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 











8569 

Lists or StTanwparpD> Sizes on APPLICATION. 
oa 9 EB 

London Office: ". 2006/.. 

15, VICTORIA STREBRT, S.Wy o mt 

. ae 





(‘rig & Donald Ltd., Machine 


TOOL a. Jounerore, near Glasgow. 
For class of Tools see our Illustrated 
Advertisement every Secreta week. 1358 


CHANTIBRS & ATELIERS 


A 2gustin ormand 


67, rue de Perrey—-LE HARVE 
(France). 





—_—— 3890 
Destroyers, Boats, Yachts and Fast Boats, 
Su and Submersihle Boats. 
poe Patent Water-tube Boilers, Coal or Oil 
eating. Diesel Oil Engines. 


~Plec tric L}fts 
(UP TO % TONS.) 
8. BH. HEYWOOD & 00., LTD., 
DDISH. 


Qtcam_ Hammers (with or 


worked or self. 
TOOLS for SHEP DOTLD OES b Dont ene 


8322 
DAVIS& PRIMROSE, Loar: Laurrep, Lerru,EpiInsures. 


Bret’ 8 Patent Litter Co 





8143 








Hammers, Presse Presses, Furnaces, D 





Bever, Dorling k Co., Lid, 


BRADFORD. 

HIGH LAs ENGINES FOR ALL PURPOSES 
WINDING, HAULING, AIR COMPRESSING 

7 aud PUMPING ENGINES. 





ranes.—Electric, Steam, 
Bier pe, and —" 


of all 
GBORGE RC tL & £00... ies 
near Glasgow. 8207 








a chran 


(\ampbells & He, LL 


SPEROIALISTS IN 


for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 


“Y¥ achts, Launches or Barges 


Built semanere with Steam, Oil er Petrol 
Motors; or Machinery supplied. Od 3551 
VOSPER & CO., Lep, Basen SrReer, PorTsmouru. 


MULTITUBULAR AND 
UU CROSS-TUBE TYPES. 


Boers. 
See page 17, Sept. 24. 8205 


Hy lectric a(jranes. 
8143 


8. H. HEYWOOD & OO., LTD., 
OE ISH. 














Drop Forgings 

GARTSHERRIE ENGINBERING & FORGE CO., 
, Wellington are: Seer ? 8818 
Tur Guaseow RoLLin: K axp Piaxt W Works. 


urst, Haleon.. & Co., Ltd., 
BufldersofRATLWAY CARRIAGES,WAGONS 
ELECTRIC CARS and EVERY OTHER DESORIPTION 
oF RAILWAY «wp TRAMWAY ROLLING STOCK. 





Makers of W 3" and Aries, Rar.way Pian. 
Foreines, 8: lRoW AND BRass CastTinas. 
Pressep St&et Work or aut. K 


and Chief Works: Motherwell. 
Leadenhall Street, B.C!) 


Lone Omae re’ 4, 
fiank Locomotives 
Ryeetinciion, and Ny preaerr equal to 


R. & W. HAWTIONN, LESLIB & “0O., Lrp,, 
ENGINEERS, NEWCAsiLE-ON-TYNE. ; 


xcavators. 


FROM 50 TO 600 YARDS PER HOUR. 


D. Witte 


1, Union SrReer, 
LEICESTER. 
" pencer- } J opw ”” Patent 


Sole Makers’ Boilers. 
Ww. H. whe COo., Hircurn, reget 
See page 15, Bept. 24. 


The (fambridge and pl 


[»strument (o- } 4. 


Manufacturers of Mechanical and Blectrical 
Sarco rem dy 








7985 








Head O; ‘ead Sieersome : 
45, GROSVENO eg LONDON, s.W. 
Works : Cambridge. 
GOLD MEDAL Itai Exuierriox-AWARDED. 


uckham’s Patent Spo 





WEIGHING MA ty 
ROAD og “faa oe “ty 


Lowpor, B.—H _ tth c. 
See 1977 


' PRED WATER HEA’ 


Drillers & Boring Machinery | as 


ot 


les Limited, 
a INBERS, 6, IREAM, MANCHESTER. 


frscenas BVAPORATORS, 





BS apes Patent 








L 
7895 





Row’s 
PaTENrs, 
DENSERS, AIR TERS, 
\ Merrit Patent te N STRAINERS for Pump 
SYPHONIA STEAM TRAPS IUCING VALVES 
3 raniee M FITTINGS. 
TER SOFTENING and FILTERING, 5723 
[tubes and Fittings. 
1RON AND ote \e 
tewarts and lee 8, L4. 
oy it ina Biticoman 
and LONDON  CHAMEnES, 
ESTER Hi Otp Broap Srrezr, B.C. 
LONDON 1 WARRHOU 167 er-Upn tances 8r., B.C, 
LIVERPO 1 WARBHC OUS: ABADISE ST. 
MANCHESTIN WARBHOUSH "30, Decne Deansearx. 
CARDIFF WAREHOUSE—1 Bure Sr. 
BIRMINGHAM WAREHOUSES—Nux Srzreer, 
BE ya & SrReer. 
paverticameab page 28. 8187 
ie Prinished (‘astings 
pas ies aeakintas = reduce 
ime ¢ eost by eliminating machining 
~~ for Mucestions to SPARKLETTS AD 
Mre. Co., ¥ onton, London, N. 18. 
FLEXIBLE, NON-RUSTING 
Metallic Hse - overing 
for 
all tnd ay oe ry su for aM 
SPARKLETS & GENERAL rina Meader Bamonton,N 8. 
L —~ raversers 
8. H. eas He & OO., LTD., 
UDISH. 
8 nion | iesit een 


8143 














See 8 Hyaro. Pueumatic Ash BF ector. 
Great saving of labour. No noise. m dust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Appl 
F. J. TREWENT & yg Lrp., Naval Arebi. 
liter Bidgs., Pea ass 8t., 


tects and Surveyors, 43, Bil 
London, B.C. _ 


iesel Driven Generators, 
400-500 Kw., D.C., 500 or 250 es ee 320 
R.P.M., in excellent condition. Low 
08 could be so! ly. 
Kw. Parsons 
230-250 Volts, D.O. (in series 460-600 volte), complete 
with Spare Armature and Condenser. 
Exhaust TURBINE SET Mf pane + 200 xy. 
440/500 Volts. Complete with Condenser oo ps, 


N 
West Walls, sone aw. 





Fi 7969 
thes Sale.— 
MOTOR-DRIVEN 
PLANING MACHINE, 
To plane 30 ft. by 20 ft. by 10 ft., four Teol Boxes. 
Condition as new. Makers, Buckton & Co. 
Price and particulars — 
MURRAY, McoVINNIE & OO., Lrp., 
Mavisbank 849 


, Oa 





ills, Adve. = vt. iat woe, page 15. 
Railway Ws coe 4 a 


WELDLESS onAINS: Lap., Coatbridge. 


E. 2: J. Davis, _ ML Mech E, 


cr a yours exp 


aie: 
astern Road, Berationd, Bi. 18. 





Iron and Steel 


Tubes and Fittings. 


_— 8746 
The Scottish Tube Co., Lid., 
Heap Orrice: 34, Robertson Street, Glasgow. 





Sats oe 


TaGand 11 Senitond 
—Great Bastern 
& W. MacLellan, Limited, 


P. OLUTHA WORKS, ~ pan ah 


MANUFACTURERS 
RAILWAY CARR:AGES AND WAGONS 
OF EVERY DESCRIPTION. 


RAILWAY IRONWORK, BRIDGBS, ROOFING, &c. 
Chief Offices : 129, Giaseow. Od = 


| Boilers, Tanke Mooring Buaye 
RIVETTED 


Firs, Horrras, Srrciat Wonk, MEPAING Om 


Fan Cagenew Suaeee Reet ae Se 
MOTHERWELL. 


HH: W Tighteon & ee 
LIMITED. 


See Advertisement page 90, Sept. 94. 2408 


r['eylor & ((hallen 


Presses nee 


TAYLOR&OCHALLEN,Lp., Engineers, BIRMINGHAM. 
See Pull Page Advertisement, Sept. 17, 


Mietthew p= & (- 4. 

















er fi. GENTS. beste 
INSURANCE BROKERS. Levewronn Worxs, Dum D, sess 
Warguouse Keepgrs and DisTRIsuTING AGENTS See Full Page Advt., page 82, Sept. 17. 
~ We solicit a trial shipment. 8689 din 
rwell. | | Chiet Office: 381, ARGYLE STRERT, GLASGOW N ewcastle Shipbuilding Co., 
Cables and 4 Telegrams: * ‘Transit, Glasgow.” ae Tel jas Address ounce ee 
[the Glasgow Railwa BUILD ES OF P. Passunami, Gaiido AND 
Engineerin "Company, to build under the 
GOVAN, GLASG Lrp., ISHBRWOOD SYSTEM. 
Ooo, Victoria Steet, 8.W. 10 pumping Binkrns UE 70 556 fet. 
MANUFACTURERS OF RIV R FRONTAGR, 1800 feet. 
RAILWAY CARRIAGE, WAGON & TRAMWAY j t 
CARRIAGE & WAGON IRONWORK, also K; ectric ['ransporters. 
CAB? STERL AXLE BOX 8337 


8. H. HEYWOOD. & 0O., LTD., 8143 
REDDISH. 
A A 
teel (jastings. 
8181 
pice nenert Srey Ruth Soe, 
Boe ee al aiuN Denso: 00, Auamnaa. 
ON ADMIRALTY LIE. 


ohn Kirkaldy, Ltd., 


Londen Office: 101, LEADEWHALL 6r. 
Works; Buagyt Prt ma ee Fan 


Water Distillers. 
Main Feed Pum 


Combined bined Otreulating and Air Pumps. 
Auxiliary any Condensers. 











A leminium 
a2) 

—_, BRITISH ALU ES ee, BO. ee 
Queen Victoria St “ 


2a os 





Sees oe. 








See Advertisement page 105. 


SR SS 


Trongate, 
Registered 0 Often Os Cintee ieee, 81 
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ENGINE 





Ez RING _ 














niversity of: Manchester. 


BVENING = in Civil and Mechanical 
eg oe ty hese Classes will meet on Monda: 
at an P: .m, respectively. Fi 
LROTURE ri lege ith. Fee 10s. 64, each Class. 
Por further ‘cha an ot apply to the oe 


REGISTRAR 
orthampton Bolytachianio 
INSTITUTE, 


230, 8T. JOHN STREET, LONDON, B.C. 1. 


EVENING TROHNICAL COURSES 
In all Branches of 
MBOHANICAL & ELECTRICAL ENGINEERING 
Will COMMENCE on 
MONDAY, 27Tx SHPTEMBER, 1920. 


Full-time Sessional DAY COURSES in Engineer- 
aud in Technical Optics will Commence on the 
OcropeEr, 1920, 








The Laboratories, both Mechanical and Electrical, 
are well equipped ‘with modern egurenies. which, 
on the Mechanical side, provides for specialisation 
in Automobile and Aeronautical Engineering, and, 
on the Blectrica} side, for s lisation in Alternate 
and Continuous Current ork, tn Radio-Telegraphy 
and Telephony, and in Blectrical —*- 

R. MULLINBUX WALM ‘Be., 
Principat, J 919 


"Battersea Polytechnic, 


Lonpon, 8.W. 11. 





ENGINEERING DEPARTMENT. 
Sosae| Courses extending over three or four years 
ven in CIVIL, MECHANICAL or BLEU. 
TRI AL ENGINEBRING. Recognised for B.Sc. 
Hy: , University of London. 
‘ees 


#15 15s. per Session. 
ADVANUED BVENING CLASSES. 
Suitable for B.Sc. (Hng.); Inst.C.B., and other 

profess‘onal examinations are held in :— 

Strength of Materials, 

Theory of Structures and Structural Design. 

Hydraulics. 

Heat Engines. 

Theory of Machines and Machine Design. 

lasses commence September 27th. For farther 
particulars apply to the SECRRTARY. J 870 


OITY OF CARDIFF EDUOATION OOMMITTEE, 


rpthe Technical College. 


Principal—CHARLES COLES, B.Sc. (Lond.). 


DEPARTMENT OF ENGINEERING. 
Head of Department—A. W. Loverainer, 
B.Sc, (Hng.), A.R.O.Se, 


THE FOLLOWING COURSBS 

have been arranged for Engineering Students :— 

A Three Years’ Course in echanical and 
Marine Engineering, joint! ay with the Uni- 
versity College of Soath les and Mon- 
mouthshire. 

A Two Years’ Course for apprentices and others 
with facilities for practical experience in the 
Summer Term. 

These Courses are suitable for preparing 
for de in Engineering or for the examinations 
of the Hngineering Societies. 

pecial Courses are also 
Bngineers preparing for the tea 
Board of Trade. 

Further information in regard to , i time — 

Part-time Courses, fees, etc., may be 





+ 4. 





for Marine 
nations of the 





(Ceather Cotton, Hair 
WANTSD for eae a Bombay. pe 
535 969 


Bee 


le fi 





JAMNAGAR iain Sot RAILWAY COMPANY, 


ED. 
r Damages f[lenders. are are Invited for the} date 


HALLS, MISH Ln 
(SHPLATHS, FISH-BOLTS and 
Bore ee SPIKES, and CROSSINGS and 
Forms of Thonder, Schedules and Specifications, 
with Me eae {Conditions of Basientns — = be 


obtained 

REN DEL, PALMER & o's THIThON 1s D, 13, Dortaneese 
Street, Westminster, S.W. 1, on payment of the 
sum of £1 ls.(which willnot bereturned). Tenders 
must be delivered at, the above address not later 
than Noon, on Wednesday, 13th October. J 974 





MANCHESTER CORPORATION GAS 
DEPARTMENT. 


LOCO. FOR DISPOSAL. 
The Gas Committee are prepared to receive 


[rend ers for the Purchase and 


REMOVAL of ;— 

One SADDLE TANK LOCOMOTIVE, Four 
Wheels scales, Wheel Base 6 ft. 3 in., 
Standard G "alan 

Cylinders 12 pe meter by 18 in. Stroke. 

Boiler fitted with 120 Brass Tubes and Copper 
ona pent Ben weight enleatel 18 


(Makers, Hever, Peacock & Co,, Ltd., Manchester). 
The above can be inspected at the Bradford Road 
Gas Works, on application to the Manager. 

Form of Tender can be obtained on a 
to Mr, Goprrey Wm. Kare, Secretary, Gas 
Department, Town Hall, Manchester. 

Sealed Tenders, addressed to the Chairman of the 
Gas Committee and endorsed ‘‘ Tender for Purchase 
of Locomotive,” and delivered at the Gas Offices, 
Town Hall, Manchester. 


By Order, 

THOMAS HUDSON, Town Clerk. 

Town Hall, Manchester, 
September 24th, 1920. K8 








FOR SALE. 


THE HARROW ELECTRIC LIGHT & POWER 
CO., Lrp,, invite 


TSeesor for the Purchase and 


Raney if = of :— 

hree 60 Kw. Willans-Crompton GENERAT- 
ING SBTS, 460 volts, steam — 160 
Ibs., including one Spare re Armatu: 

One Willan- Crompton STHAM BALANOER, 37 
amps., 310 volts, suitable for three wire 

system 440 and 220 volts 

One 180 Kw. Willans-Siemens GENERATING 
SET, 460 volts. 

Four Babeock WATER TUBB BOILERS, 
180 Ibs, working pressure; two 30 tubes 
arranged for hand firing, two 81 tubes fitted 
with chain grate stokers, 5 HP., 440 volts, 
Motor and Starter. 

One Green’s ECONOMISER, 72 tubes, complete 
with 2 HP. 440 volts Motor and Starter. 

One Induced Draft SIROCCO FAN, direct 
coupled to B.0.C. 9 HP., 440 volts Motor. 
One 5 HP., 440 volts, 490 r.p.m. Sturtevant 

MOTOR, 


One Thomas Parker Double Battery BALANCER 
BOOSTER SET. Boosters 60 amps., 105 
volts. Balancer 80amps., 220 volts, including 
one Spare Armature. 

ns | ountershafting, Steam Pipes and 

ves. 


Further 
obtained from the undersigned or 
Consulting En 
May & Hawes, 


from the 
ineers to the Company, Messrs. 
, Victoria Street, Westminster. 
"Ww. H. Pawns oe P, 


ecretary and Manager. 
Cohen Road, ° 
arrow. J 904 





application to the Prinelpal. 
JOHN J. JACKSON, B.A.,, 
Director of Haucatio: on, 
chek Hall, mae 
J 888 


In: .O.E. Exams.— Successes 
“ usual last Exam. by Correspondence Coach- 
Successes by hundreds, several prizes. Sec. 
embraces 25 years’ professional experience. 
nen 7434, Offices of ENGINEERING. 


rrespondence Courses for 


BSe., Inst. O.B., I. om. Ss all ENGI- 
NEERING ‘RKAs. 4a Courses and Single 


Bu Personal iculars 
sopiy toi toits. TREVOR W. PI oes eee 


b-10 
Spanier, 68, South John Street i verpoo 


[7S ote I. Mech. E. | BBc., 


OWLna, all er —Mr.G. P 
M. Lust. O.B., F.8 tk 
Mt Reet Ls. REPAMES CANDIDAT BS personal H 
er by correspondence, Hundreds 
Oourses eommence at any timenoe Vv 
St., Westminster, 5.W. 


P enningtons, University 

‘ORS, 254, Oxford Road, Manchester. 
Rstab. ine Postal Courses for all Engineering 
Bxams. Enrol now for 1.C.B. and 1.M.B. Courses. 
96 per cent. passes last Bxams. 7963 


TENDBERS. 


INDIA OFFICE, _ 
ae 5.W. ly 
h Se mber, 1920. 
THE we tit gd OF STATE Le J Bore puny IN 
to recei 


NOIL is prepared 
“such 


 FPrende ers from. 
Perri ate Tienes supply 


The conditions ef contract may be obtain ined on 
pi tog pte the Director- Genera! of Stores, India 
Whitehall, 5.W. 1, and Tenders are to be 
delivered at that office by two o'clock p.m. on 
Tuesday, the 12th — 920, after which time no 


Tender will be 
ne +. G.aH, COLLIER, 
Director General of tex, i 




















LONDON COUNTY COUNCIL. 


To MANUFACTURERS of ELECTRIC TRAMCAR 
BODIBS, TRUCKS and ELECTRICAL 
BQUIPMENTS, &c. 


The London County Ceuncil invites 


Tetsres for the Manufacture, 


SUPPLY, DELIVERY and MAINTENANCE 


of 

oA" 125 COMPLETE BODIES for ELECTRIC 
TRAMOARS. 

“B” 125 COMPLETE SBTS of MAXIMUM 
TRACTION er TRUCKS for Electric Tramcars, 

“Oo” 125 MPLETE SETS of ELECTRICAL 
RQUIPMENTS for tramears, together with the 
assembly of 125 car bodies, sets of trucks, electrical 
equipments and brakes into complete tramears, and 
jo —- th f in for service 


“Fe pectfieations Forms of Tender, and other parti- 
culars may be obtained on application to the Clerk 
of the Council at the County Hall, 8 ng ae * 

.W. 1, on or after Monday, the 4th oy October, 
1920, upon payment to the Cashier of the Couneli 
of a fee ef £2 each for either *‘ A,” “ B” or “0,” or 
6 for the three sets complete. The fee will be 
returned to the Tenderer, provided he shall hie 
sent in a bona-fide Tender, and shall not have with- 
drawn the same. 

Particulars of the work may be obtained on appli- 
cation at the County Hall pad to the payment 
of fees for the 8 fications, 

All drawings and pemen Ts referred_to in the 
ng eg row can be inspected ag mee 

the General Fi Bi mae pan London Goat Gow 
Tramways Department, 23, Belvedere Rosa, re Bt ry 
on production of aither @ copy of the s ification 
concerned, or & receipt for the fee paid in 


thereof. 
Tender submitted must be upon the respec- 


tive form. 

Tender with its es documents 
is to be enclosed in a sealed cover, addressed to the 
Clerk of the Council, and no Tender received at the 
County Hall, Gardens, oy me ee 
Four p.m. on , the 26th day of October, 
> Fa ene 

Counefl does not, in any case, bind itself to 
sabagn tate fowicn or any Gieaee, 


JAMES BIRD, 
Clerk of the London County et 





From "tbe and permit to inspect may be | havi 


Seat on the SHGHWFAMY, iat ue 


ot Wate. et 
Swen 1, for the corey ‘yima "03 TUBES and ams and 
FITTINGS S (during | a 
cnaerennes st 


Hg 
Forms of 


be obtained 
application to the he OONTHOLLER O1 OF SUPPLIES, 
Office of Works, etc., King Charles Street 
Westminster 


, 8 W.1 K 47 
COUNTY BOROUGH OF WALLASBY. 





i , 
GAS AND WATER DEPARTMENT. 


TO ENGINBERS, BOILERMAKERS AND 
CONTRACTORS, 


The CORPORATION OF WALLASEY invite 


lenders for— 
(1) The aia bing ate peg DELIVERY and 
FIXING on Seat of One LANCASHIRE 
ine meee Med 25 — by 7 ft., with 


(2) in be MOV AL AL. from noon thele & SEATINGS, 
ERECTION on other ings 
in 6 gh + part of the Works, of Two 


— similar BOILERS. 

(3) The SUPPLY and DELIVERY of about 
30 tons of 75 Ib. Pc apade | Dog Spike’ 
with eengeee. Be Spikes, 


Jape and 
of four Bets Pe witches, 
wil es and Crossin 
(4) The SUPPLY -_ DELIVERY of about 
470 CR 


BOSOTED SLEBPERS. 

(5) The CONSTRUCTION of Two BRANCH 
RAILWAY SIDINGS, totalling 390 
yards in length. 

Plans, Specifications, etc., may be seen, the site 
inspected, and Forms of Tender obtained 01 opel: 
— to the Engineer, Mr, J. H. CROWTHE 

is Offices at the Gas Works of the Carparndiod: 
Limetile Lane, Wallasey. 

Contractors may tender for all or any of sectic as 
1 to 5 above, stating the amount of tender for exch 
section quoted for, separately. 

Sealed Tenders, on the form provided, addressed 
to the undersigned and endo ** Gas Extension,” 
to be delivered per "ge to my Office, not later than 
Tuesday, the 16th November, 1920. Tenders 
om gat a later time cannot be considered. 

Jontractor will be required to enter intoa 
aie” with approved sureties, for the due per- 
formance of the Contract. 

The Corporation do not bind themselves to accept 
the lowest or any Tender. 

Dated this 22nd day of Ft Cook. 1920, 


Town Hall, Town Clerk. 
Wall aeez. J 





TO CONTRACTORS. 
BBLFAST WATER WORKS. 
MOURNE SOHEME. 
Cowrnact A. 


For the Construction of 
“SILENT VALLEY” STORAGE RESERVOIR, &o. 


The Belfast City and District Water Commissioners 
are prepared to receive 


lenders from Competent 
CONTRACTORS pe. od Some —— Cid of 
the “SILENT VALLEY” RVOIR, 
inn - “4 MOURNE MOUNTAINS. ‘Sars Down. 
Le pyny about 
lon; rand 90 ft. high, anda s pack ot 8,00 
million gallons, with an Out thet “eene Waste 
Channel, and other auxiliary works, also the con- 
struction of a temporary Works Railway. 
— er Drawings and be oe ef have 
= ee the Commissioners’ Chief Engi- 
pond r.F. " *Oullough,M.InstO.B., Water Office, 
Royal Avenue, Belfast, and ay inspected at his 
Office on any weekday (exsent turday), between 
the hours of Ten a.m, and 
. Duplicate Copies of the Specification ae one Form be 


‘ender, &c., may be o! 
upon payment of the sum vot Fie Five foe me 
ae will ‘nly be repaid %, the Commissioners after 
a bona fide Tender which has not been 


the re a ° 
withdraw 
On the “Soutag and Friday of each week, com- 
mencing with Tuesday, the 28th inst., an Assistant 
neer will meet intending Contractors at the 
eo Office, at Ten o'clock forenoon, and 
pany them to the site of the proposed Works. 
“Tenders , Sealed and endorsed “ Tender for Silent 
a ‘St e Reservoir, &c.,” must be delivered 
type pa post, and addressed to the under- 
not later than Tarée p.m. on Wednesday, 3rd 
Hevetaber, 1920. 
The Commissioners do not bind themselves to 
accept the lowest or any Tender, nor will Sete 
responsible for any expenses incurred in making 


out a Tender. 
W.I. QUINN, 


_ 
Water Oticg Hoya! Ri 

al venue, 
9th September, 1920. J 787 





TO CONTRACTORS. 
BELFAST WATER WORKS. 
MOURNE SCHEME. 
Cowrract A. 
“ SILENT VALLEY" STORAGE RESRRVOIR, &c, 


SCHEDULE OF QUANTITIES. 
Ad Detailed “Schedule of 


and 
other Works in Mourne eg oe Count; 
Contractors wish to Tender for poe Ss 


Down. 

work will be s with Pen end gan the 

“ Schedule of Quantities " on 

ment to me of the sum of Three ee Coe 

which sum will not be 
AO FERGUSON, 

’ 





9th September, 1920. 188 


~~ |THE ‘CoMMISsIONMRS OF His” agers i 
are prepared to 


g Tender before "Eleven 78 








BLEOT)2I0CITY r COMMITTEE oO 
MANCHESTER POSFUSATION F 


"Tenders s for the Sa; the wn EY, 


Pe eg at ae Pn 


oe a 
on to Mr SL. Pe Str reet 


the 


on Wednesday, the 27th October, 1080, 
The firm entrusted with the work will be requ 
to enter into as t te be -y 


ed. 
tien do not bind themselves to ace: pt 
the lowest or any Tender. 
THOMAS HUDSON, 


Town Clerk. 
Town Hall, Manchester. 
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ments. Salary £315, rising to not less than £440. 
Teacherswill come under the beral non-contributory 
Government iy nea Seheme. Ovnditions 
and Forms of Application can be obtained from 
R. MULLINBUX® AWALMSL LEY, D.Sc., Principal, 
which should be returned not later than ba 3 
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HULL EDUCATION COMMITTER. 


MUNIOIPAL TECHNICAL COLLEGE. 
Principal : T. Luxton, B.A., B.Sc. (London). 


ASSISTANT LECTURER IN MECHANICAL 
ENGINEERING. 


A® Assistant Lecturer in 


Mechanical = mally to fis REQUIRED at 
the above Coll nly to devote his time to 
Mathematics an boratery Work in Mechanics 
and Engineering “aoe 

Salary £350 to £450 with additional payment for 
Bvening wt Commencing salary according 


to veaching experience. 

Forms of applieation ma ed be obtained from the 
undersigned on receipt a stamped addressed 
foolscap envelope and must be returned so as to 
reach these offices not later than Monday morning 
the 4th October, 1920. 

J. T. RILBY, 
Director of Hducation. 

Education Offices, 


Albion Street, 
Hall, 17th September, 1920. J 890 
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COLLOIDAL CHEMISTRY AND A 
“COLLOID MILL.” 

Some rather remarkable claims on behalf of what 
is alleged to be a new type of fine grinding dis- 
integrator or “ colloid’’ mill are made by Hermann 
Plauson in articles recently published in the 
Chemiker-Zeitung. This “‘ Kolloidmiihle” is said 
to be the ideal apparatus for the extremely fine 
grinding required for homogenising and dissolving 
substances and for obtaining emulsions and colloidal 
preparations, and to be particularly valuable in the 
industries associated with the recovery of oil from 
oilcake and bleaching earths (Fuller’s earth), the 
manufacture of colloidal or liquid coal, colloidal 
wood, plastic substances, phosphatic fertilisers, the 
treatment of lignite, the manufacture of artificial 
milk, glue, colloidal mercury, soaps and hydro- 
genated fats. 

The writer first refers to the supreme interest and 
importance of colloidal chemistry and briefly dis- 
cusses some of the elements of the subject. He says 
that the most important result recently achieved in 
this department of science is the recognition of 
the fact that the three phases: molecular solution, 
colloidal dispersion, and mechanical (or coarse) 
suspension, do not represent three distinct and 
sharply-defined phases, but merge into one another 
forming a continuous series. All three forms are 
disperse systems whose physical and chemical 
characteristics change within definite periods, such 
for instance as the electrical charging of the ions; 
and the periodicity of these changes is greater 
or less according to the size of the spaces in which 
they occur and the degree of dispersion. Although 
theoretically there is no hard and fast division 
between the three phases, in practice certain 
arbitrary distinctions are made partly by means 
of the microscope and ultra-violet rays and partly 
by permeability through filter paper, such as the 
finest and hardest paper, No. 602, made by 
Schleicher and Schiill. By these means it is 
possible to roughly distinguish: (1) Mechanical 
or coarse suspensions with particles of more than 
0-0001 mm. or 0-1 » in diameter; (2) colloidal 
dispersions with particles between 0+0001 mm. 
and 0-000001 mm. (or 0-1 » and 1 wp); and 
(3) molecular solutions with particles less than 1 p p. 
We may say, then, that, practically, mechanical 
suspensions contain particles which will not pass 
through ordinary filter paper and are micro- 
scopically distinguishable; whilst colloidal and 
molecular solutions pass through filter paper and 
their particles are not distinguishable under the 
microscope. Molecular dispersions or solutions, 
again, are capable of diffusion and dialysis. From 
these and other considerations the assertion of the 
Russian scientist, P. P. von Weimarn, that all 
matter is capable of assuming the colloidal form 
may be justifiable. 

Methods for the preparation of colloids may 
be divided into two groups: Firstly, the dispersion 
method, using solid or coarsely divided substances ; 
and secondly, the condensation method, in which 
molecules or molecular solutions are dealt with. 
Chemical or electrical or mechanical energy may be 
used, and, Plauson adds, also light and heat, as 
if these latter belonged to a different category 
from the chemical and other forms of energy. The 
various methods may be completely classified as 
follows: I. Dispersion methods—{a) organic disperse 
media, (6) kathodic disintegration (Bredig), or 
disintegration by means of oscillatory discharges, 
and (c) heat energy; II. Condensation methods— 
(a) chemical reactions, ¢.g., reduction by metallic 
salt solutions, (b) electrochemical reactions, (c) photo- 
chemical reactions, (¢) molecular polymerisation. 
Hitherto it appears “ mechanical power” has not 
been used. Disperse media (I. (a)) are at present 
only used on a large scale in the varnish, resin and 
rubber industries, but their use is strictly limited 
and dependent on certain chemical properties of 
the materials in question. The ideal and cheapest 
disperse medium is water, but unfortunately cannot 
often be used. The other methods of colloidal 
preparation are not often commercially feasible 
owing to excessive cost of power and complicated 
apparatus, or certain difficulties such as the pul- 
verulent form of the material treated, or its low 
conductivity or low melting-point. It may be 





concluded then that there is at present no cheap 
and universally applicable process for the prepara- 
tion of colloids, e.g., from coal, graphite, cellulose, 
&e. Plauson says: ‘This is one of the greatest 
needs of the chemical and allied industries to-day, 
but there seemed no prospect of improving existing 
methods. It is true that solid matter could be 
finely ground mechanically, but only up to a certain 
and not very advanced state of fineness, in most 
cases not less than 0-08 mm. and the utmost fineness 
possible did not exceed 0-001 mm. (1 »), requiring 
excessive power.’ There was, beside, the risk 
of explosion, and even with wet grinding designed 
to remove the explosion risk the degree of fineness 
was no higher, and the time required was excessive. 

The problem of problems is: How can one 
obtain dispersoids of the highest possible disperse 
stage from the most varied solid substances ? 
Recognising the supreme importance of a satis- 
factory solution, Plauson claims that in 191] he 
began experiments to determine the optimum 
conditions for obtaining by mechanical means a 
disperse stage much higher than hitherto attained. 
The substances used were coal, talc, graphite, &c. 
The results, briefly, were: With the usual types of 
grinding mills the fineness obtained in dry grinding 
was 0°01 mm. to 0-008 mm., in very exceptional 
cases and to a very small extent the fineness was 
0-001 mm. to 0-0008 mm. With wet grinding 
the results were a little better, unless an excess of 
water was used, in which case the results were not 
so good, except in the case of the so-called beater 
mill (Schlagmiihle or disintegrator) with which 
further experiments were undertaken using large 
quantities of water. In 1912 the author designed 
a modification of the ordinary druggist’s ‘“ Per- 
plex ’’ beater mill (made by the Alpina-werke) and 
fitted the shaft with a stuffing-box in order to make 
the mill watertight. By running such a mill at 
a very high speed (40 m. per second, presumably 
this is the velocity at the periphery) Plauson claims 
to have achieved the fineness of a colloidal solution, 
exceeding 0-0001 mm. He further discovered that 
different disperse media gave different results, and 
that the addition of certain substances to the 
medium improved the fineness whilst the addition 
of others did not. For example, in the grinding 
or “dispersing’’ of coal greater fineness in less 
time was obtained -when an alkaline solution of 
glue and certain albuminoids—lysalbic acid and 
its salts—was added to the medium as accelerator 
or protective colloid. Tannin used in a similar 
way with graphite grinding, and neutral soap 
solution with tale grinding. also greatly improved 
matters. The same applies to sugar, glutin and 
allied substances; in grinding colouring earths, 
ultramarine, &c., and glycerin, glycol, &c., have 
a very favourable effect in preparing colloidal 
forms of sulphur, mercury, iodine, &c. Inhibitive 
substances, such as acids and electrolytes must 
be removed from the disperse medium by washing 
or extraction or a larger proportion of protective 
colloid must be added. The proportion of water 
or other disperse medium to be used is important, 
and as a general rule the higher the proportion 
the better; and the greater the viscocity of the 
medium the higher the proportion of dispersoid. 
In grinding coal in water 10 parts of the former 
would be used with 90 parts of water. But if 
oil is used as medium the proportion of coal can 
be increased to 40 per cent. or 45 per cent. But 
the amount must not be increased too much or a 
troublesome pasty mass is obtained. The grinding 
is continued until the surface tension acting on the 
particles is greater than the force of gravity, or 
until the particles no longer settle. If a mixture 
containing a high percentage of “‘disperse’’ coal 
in oil has a further quantity of oil added to it and is 
then examined under the microscope the Brownian 
movement of the coal particles can be clearly seen. 
Mercury can easily be “ dispersed” with water if 
a protective colloid is used, the proportions being 
2 or 3 parts of mercury to 97 or 98 parts of water. 
Most substances, in fact, with sufficient dilution 
can be made to exhibit all the properties of a 
colloidal solution. Briefly, then, the general process 
is as follows: 30 parts of the substance are treated 
with 70 parts of the disperse medium in a suitable 
apparatus, diluted with further quantities of 
medium, and left to stand in a columnar vessel 





for } hour to 12 hours. The supernatant liquid 
is then drawn off, further quantities of disperse 
medium are added to the lower part, and the 
mixture again passed into the beater mill. The 
drawn-off liquid is perfectly homogeneous and’ has 
the characteristics of a colloidal solution. The 
method and apparatus formerly used were com- 
plicated and costly, involving pumps and stirring 
mechanism, but more recently these latter have been 
dispensed with and a simpler method evolved. 
The new machine is called the colloid mill (kolloid- 
miihle), and is manufactured by the Maschinen- 
fabrik Emil Passburg of Berlin. It has already 
been successfully used on a large scale in a Hamburg 
works for the manufacture of colloidal cellulose. 
According to Plauson the mill consists essentially of 
one or two excentrically arranged discs or pistons 
carrying beaters of any desired form and revolving 
at a very high speed. Instead of the beater action 
of the ordinary disintegrator type friction may 
be used. A patent was applied for in 1914, and 
German patent No. 289,026 was granted in 1916 
in the name of Georg Hanning of Hamburg, but 
Plauson claims to have greatly improved the 
apparatus since then. 

In illustration of its manifold uses reference is 
first made to the petroleum industry, and it is stated 
that in the American oilfields and also at Baku 
the crude naphtha is first of all run into large 
channels or valleys forming the so-called naphtha 
lakes. When the liquid naphtha is afterwards 
pumped out there remains a sludge containing 
from 10 per cent. to 50 per cent. oil which cannot 
be recovered by distillation owing to fire risk and 
the high cost of heat required. A sample barrel 
of the sludge, containing 24-6 per cent. naphtha, 
was sent to Plauson, who easily recovered the 
crude naphtha by means of the colloid mill. Ten 
to twenty parts of the sludge were treated with 90 to 
80 parts of water, the whole of the crude naphtha 
being emulsified whilst the earthy mass quickly 
settled on standing, so that complete separation 
was effected in about 5 minutes. By heating the 
emulsion to 100 deg. C. the oil and water are 
separated, and in this manner 19-8 per cent. (out 
of the total 24-6 per cent.) crude naphtha was 
obtained. By further treatment of the residual 
mud the naphtha content may be reduced to 
1-88 per cent. The separated naphtha still contains 
from 3 per,cent. to 8 per cent. of sludge, but this does 
not interfere with the subsequent distillation, since 
crude naphtha distillates are always understood 
to contain a certain amount. It is claimed that 
this method wil] enable many low-grade mineral 
oils in Germany to be usefully exploited, and be 
of great value to the chemical industry generally. 
It should be particularly useful, for example, 
in extracting the mineral oil from shales which 
has hitherto been a troublesome and not very 
paying business. 

In reducing the oil content of oilcake, bleaching 
earths, charcoal, &., the colloid mill finds another 
useful application, and instead of the troublesome 
method of extraction by steam-blowing, or with 
benzol and the like, it is only necessary to emulsify 
with hot water in the colloid mill. By adding 
small quantities of well-known emulsifying agents 
the residual oil in oilcake may be reduced to 
0-8 per cent. to 1-2 per cent. The emulsions 
formed are very similar to emulsoids (colloidal 
emulsions), and like these they do not separate 
very readily, on standing, into two layers. Emul- 
soids can, however, be rapidly separated when 
treated in the colloid mill with strong acids: if 
they are simply mixed and stirred with an equal 
quantity of acid without being beaten they do 
not separate. Plauson says he is unable to explain 
this. Resins, like oils, may be emulsified in the 
colloid mill, and with water as emulsifying or 
disperse medium and 1 per cent. to 2 per cent. 
of a resin solvent, pure resin in a very good yield 
can be obtained. 

Another important use for the colloid mill is in 
the manufacture of liquid coal. The efficiency of 
fuel in power plants to-day is admittedly bad, say, 
about 16 per cent. in triple-expansion engines, 
23 per cent. in gas engines and 36 per cent. in Diesel 
engines. It is probably highest with liquid fuel, 
and a much more extensive use of liquid fuel is 
desired ; but, so far as Germany is concerned, 
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there is not more than 400,000 tons of tar oils 
available annually, and this does not represent 
more than one-eighth of the total needed. Accord- 
ing to the German Tar Products Association, 
Essen, only about 45,000 tons of tar oils were 
used for motors before the war, the remainder of 
the crude oils was used for dyes and chemicals. 
Attempts have been made to use solid coal for 
Diesel engines, not very successfully, although 
it is interesting to note that Dr. Diesel originally 
wished to use powdered coal, but was compelled 
to resort to liquid fuel. The use of coaldust for 
boiler heating has so far been attended with great 
difficulties—in Germany : it is too bulky and liable 
to explosion risk. By means of the colloid mill, 
however, the powdered coal may be emulsified 
or “dispersed”’’ in oil, and a very satisfactory 
liquid fuel obtained, for which numerous advantages 
are claimed, among others—economy in use and 
in storage, high thermal efficiency, cheap, smokeless, 
easily regulated, and admirably suited for Diesel 
engines. It may be prepared in two grades: 
I. For Diesel engines; II. For heating purposes 
generally, lower grade coals and even lignites being 
ground up for the . For Diesel engines 
the ash content should not exceed 0-8 per cent. to 
1-2 percent. Under present conditions in Germany, 
and indeed everywhere, this liquid fuel would be 
particularly useful for shipping, and vast quantities 
of almost useless coaldust could be advantageously 
employed. The coal is first ground in ordinary mills 
to a very fine powder, 30 to 40 parts in 70° to 60 
parts of tar oil are then treated in the colloid mill 
for } hour to 3 hours. If a high-speed mill is 
used and a protective colloid introduced, the time 
required is less and the mixture becomes perfectly 
homogeneous and of syrup-like consistency. Beside 
crude or purified tar oil others may be used, such as 
mineral oils or distillates, naphtha waste, peat oil, 
animal and vegetable oils. Water is best avoided 
at first, although up to 15 per cent. water may be 
afterwards added. Plauson here refers in a 
lengthy footnote to the unsympathetic attitude 
of the German patent office to his applications for 
a patent, and compares this attitude with that of 
the English and American offices, even during the 
war. Apparently he was not successful in obtaining 
a patent in Germany, through lack of novelty ! 
Probably this is not much to be wondered at, for 
the subject matter would certainly appear to be 
rather “thin” in places. At all events his claim 
to revolutionise the chemical industries by means 
of a glorified emulsifying apparatus is somewhat 
extravagant. 

The remainder of Plauson's articles deal with the 
use of the colloid mill in the manufacture of lamp- 
black, colloidal graphite, colloidal wood and straw, 
treatment of phosphates, in the lacquer and varnish 
industry, and for facilitating chemical reactions 
generally, particularly in soap manufacture and 
the hydrogenation of oils. 

The manufacture of soaps, it is claimed, can be 
simplified by using a steam heated colloid mill. 
Much less water and heat are required, and in an 
apparatus of 100 kg. capacity 30 times the amount 
of soap can be boiled in 8 hours, showing a great 
saving in labour and running costs, and the resulting 
soaps were perfectly homogeneous. More water 
and fillings can thus be incorporated if desired. 
A still more ambitious claim is made in connection 
with the hydrogenation of oils (“‘ fat-hardening °’). 
In hardening fats at 120 deg. to 150 deg. with a 
nickel catalyst the time required was reduced 
50 per cent. by using a colloid mill fitted with a 
steam jacket—or if the same time be used the 
temperature can be reduced. Plauson says: “ By 
special experiments a new process of hydrogenation 
was evolved, and the ordinary nickel catalyst was 
not required if the revolving parts of the mill were 
coated with nickel or palladium or the like sub- 
stances. The process is thus greatly simplified.” 
No particulars are given of the manner in which 
the hydrogen is introduced, or how the catalyst is 
regenerated or renewed when poisoned or otherwise 
reduced in activity. However, these and other 
difficulties could be easily investigated by experi- 
ment, and the idea may possibly be worth something. 
The present methods of hydrogenation are still 
comparatively new and there is plenty of room 
for further research. 





THE MACHINE TOOL AND ENGINEERING 
EXHIBITION AT OLYMPIA. 
(Concluded from page 403.) 

In this our final article on the Olympia Exhibi- 
tion we propose to deal with a number of automatic 
machines and with various other tools which we 
have, owing to lack of space, or for other reasons, 
been unable to describe earlier. We also propose 
to make some mention of various of the exhibits 
which cannot properly be described as machine 
tools. Although the title of the show was the 
Machine Tool and Engineering Exhibition, it was 
essentially concerned with machine tools, and owing 
to the very important display of this class of 
product which was made we have been unable to 
deal to any extent with the more miscellaneous 
articles which were shown. In the matter of 








should mention that Messrs. Holroyd had a stall of 
great interest at Olympia, and showed a con- 
siderable variety of machine tools, some of them 
being of a quite special single-purpose type. Among 
these there was an interesting copying lathe for 
manufacturing test-pieces and intended for use 
in steel works and other places where many test- 
pieces are required. Another machine of interest 
was a plain grinder specially arranged and designed 
for the manufacture of ground shafting and rod 
directly from the black bar. There were also 
other novel or uncommon machines, some of which 
we describe in detail later in this article. 

The Holroyd gear cutter, which is illustrated in 
Fig. 195, will cut the teeth of spur or spiral gears 
by means of a parallel hob or single cutter, and will 
also cut worm wheels by means of a sliding taper 
hob, or a single pointed tool. The machine consists 





Fic. 195. Gzar Hosprxe Macurse; Messrs. Jonn Hotroyp anp Co., Lap. 


machine tools we think we have been able to give 
an account of most of the important exhibits, 
although naturally we make no claim to have 
illustrated everything that was on show.* 


Gear-Cutrine MacHINEs. 

We have already dealt, in earlier articles, with 
many of the important gear-cutting machines which 
were on show, but there are still one or two we wish 
to mention. We will deal with these before passing 
to automatics. The first with which we are con- 
cerned in this article was exhibited by Messrs. 
John Holroyd and Co., Limited, of Perseverence 
Works, Milnrow, Rochdale, and is illustrated in 
Fig. 195, annexed. Before describing it we 


* Nots.—In connection with the article on the 
Machine Tool and Engineering Exhibition in our issue 
of last week, by an unfortunate transposition the titles 
on Plate L are shown wrongly placed. The lower title, 
ty > 166 and 167, 72-in. Cylindrical Grinding 

ine’’ should have been ew the two upper 
illustrations, while the title “ Figs. 168 and 169, 36-in. 
Universal Grinding Machine "’ pertains to the two lower 
views. We very much regret the mistake, but venture 
to hope that our descriptions are sufficiently clear to 
make it evident which illustrations are actually referred 


od conse of the incorrect indications of these titles.— 
p. E. 








of a bed with a horizontal rotating table carrying 
the work, and at one end of the bed an upright 
carrying the cutter head. This cutter head is 
mounted on a balanced fan slide which has vertical 
adjustment on the upright by hand or™power. 
The cutter head has self-acting feed and }hand- 
adjustment along its slide and can be set -at any 
angle within its limits. The spindle runs in parallel 
adjustable gun-metal bearings, and has hardened 
steel thrust washers. The bracket which carries 
the front end of the spindle is adjustable along*the 
cross-slide to suit different lengths of hob. ;The 
table is adjustable by hand along the bed for setting 
the depth of cut, and the blank to be cut is centred 
by a mandrel held in the centre bracket of the table. 
The table runs on a large diameter flat bearing on 
the slide, and is held central by a taper spindle 
running in adjustable bearings. It is revolved by 
@ worm gearing. The drive is by belt from 4 
reversible countershaft to a cone pulley on the 
machine, which drives a cross-shaft through @ 
two-speed gear-box. This cross-shaft is geared 
to a vertical shaft in the upright which drives the 
internal gear wheel at the end of the spindle through 
mitre gears. The table is driven from the gear-box 
at the back of the machine. 
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Two gear-cutting machines of similar class were 
also shown by Messrs. Humpage, Thompson & 
Hardy, of Jacob-street, Bristol. These machines 
were respectively of 16 in. and 42 in. types. The 
machines are purposely designed as simple as 
possible, and can cut both spurs and worms. For 
the latter a hand-feed is used, but for spur-gearing 
the machines are entirely automatic. The machines 
have no countershaft, and the main drive is by 
belt to a pulley on the top of the column. Change- 
wheels provide four speed changes. The hobbing 
cutter is fed downwards, and is carried by a slide 
moved by means of a vertical screw. Another 
slide carries the revolving work-table which is 
moved into the required position by means of a 
horizontal screw. The swivelling head which carries 
the hob is controlled by a hand-screw, and a vernier 
reading to five minutes is provided. The automatic 
feed is positive, and can be varied over a wide 
range by means of change-wheels. The work is 
steadied by means of two bars, connecting the 
top of the mandrel to the column of the machine. 
This enables heavy cuts to be taken without acrifice 
of accuracy. 


Twist-Dritt Grooving MAcHINE. 


We have already referred to some of the interesting 
exhibits which were made by Messrs. John Holroyd 
& Co., Limited, of Milnrow. Another of these was 
an example of the Bergstrom twist-drill grooving 
and backing-off machine. This machine is illus- 
trated in Figs. 196 and 197 on Plate LIV. Its 
general features will be gathered from the illustra- 
tions. The drill blank is held in a collet, which is 
at one end of a screwed rod, a handle being fixed 
at the other end. The operation of screwing 
the rod into a specially-cut cylinder closes the collet 
and grips the blank. Further motion causes the 
blank to enter the split guide bush in which it is 
cut, and as this bush is under tension there is no 
possibility of play between the bush and the drill 
blank. The machine, as will be seen, has four 
cutters. It will drill two grooves and back-off 
the drill on both sides simultaneously. The cutter 
spindles are of tool-steel, and have ball bearings 
at the back of the driving pulleys. The pulleys 
are massive, and impart a smooth action to the 
cutters. The machine can besupplied for constant 
or increasing twist, or for parallel or increasing 
core thickness. A geared oil pump is incorporated 
and a channel round the machine returns the oil 
to the supply tank. 

AvUTOMATIO MACHINES, 

We propose now to deal with a number of the 
automatic machines which were on view, and may 
begin by referring to Fig. 198 on Plate LIV. This 
illustrates the Verity’s patent automatic screw 
machine made by Messrs, Thomas White & Sons, 
Limited, of Laighpark, Paisley. This tool has 
many points of novelty. It is of simple construction 
and intended for large-scale production. The 
complete cycle of turret operations may be made 
in four seconds, and with the range of spindle 
speeds arranged for, a production varying from 
30 to 100 per hour, may be obtained. With extra 
gears a production up to 720 per hour is claimed to 
be possible. The drive to the machine is by a single 
belt running on a two-speed cone pulley at the back 
of the machine, and power is transmitted from the 
pulley spindle to the main spindle through steel 
gears. These gears give four speeds to the spindle, 
which runs in phosphor-bronze bearings, which are 
carried in tapered housings adjustable to take up 
wear. All the tools cams are carried on a cylinder 
which is mounted concentric with the main spindle, 
and runs on a sleeve. The position of the cams 
in the head of the machine makes them very acces- 
sible for setting-up, as will be clear from the figure. 
A handle is provided by which the feed motion may 
be thrown out of gear, and the cam cylinder can 
then be revolved by a loose handle supplied with the 
machine. 

The arrangements in connection with the turret 
form one of the special features of the machine, 
the turret being pulled to the work by a rod attached 
to a slide carrying a roller, which engages with the 
cam. This rod through an extension on 
the turret-slide to which it is attached by a clamp 
bolt. The turret may be clamped to this rod at any 


position within its travel, so that if a 2-in. to-and-fro 
motion is arranged for, this 2 in. may be close up 
to the headstock or four or five inches away. The 
revolving and locking of the turret is carried out by 
a gear underneath the slide which can be made to 
operate in any position of the turret. The form 
tool and cut-off tool are carried in slides in the face 
of the headstock, and so do not block the bed in 
any way. Three such tools are arranged for. A 
further special feature of the machine lies in the 
special threading attachment which may be fitted. 
An ordinary self-opening die may be used if desired, 
but with the special attachment the work is not 
slowed down for screwing, but the die is rotated 
in the same direction as the work, but at 50 per 
cent. higher speed. This gives the equivalent 
of a 50 per cent. screwing speed, but output is 
helped since the speed of the work has not to be 
changed. The arrangement is operated through 
a special shaft connecting from the top of the 
turret to the driving gear. 


A simple three-operation automatic machine, 


Wright Machine Tool and Engineering Company, 
Limited, of Slaney-street, Birmingham, is illustrated 
in Fig. 199 on Plate LIV. It is suitable for pro- 
ducing any articles requiring three machine opera- 
tions, such as turning, forming and cutting-off, 
or drilling, forming and cutting-off. The auto- 
matic movements are obtained from cams bolted 
to drums carried by a cam-shaft at the back of the 
machine. This shaft is driven by a worm and 
worm-wheel and has fast and loose pulleys on the 
worm-shaft, so that the camshaft can be started 
and stopped while the machine spindle is in motion. 
This spindle runs in adjustable phosphor-bronze 
parallel bearings, and has a ball-thrust. The 
cutting-off rest is fitted with two square tool posts, 
which have longitudinal adjustment in slots. The 
slide which carries the front tool post has transverse 
adjustment. The tail stock is arranged to carry 
either a drill or a facing or turning, tool. It has 
longitudinal movement along the bed, and is fitted 
with an adjustable stop for gauging the length of 
the work. The maximum capacity through the 
automatic feed is { in. 

Certain continental countries have for long had 
a good reputation for small automatics, and some 
of these are represented at the show. The Swiss 
firms, who have always done well especially in the 
construction of small tools for the production of 
details, had some interesting tools on exhibition, 
and we now illustrate on Plate LV one. of a series 
of machines made by the well-known firm of Messrs. 
Joseph Petermann, Moutier, Switzerland. 

This machine is quite unlike the ordinary auto- 
matic based on the accepted turret lathe design. 
A front view of the tool is shown in Fig. 200 
from which it will be seen that the headstock is 
on the right hand, and the tool rests to the left of 
the machine. - Another difference is that the head- 
stock travels to and fro, while the tools only have 
cross traverse, instead of the headstock being fixed 
and the tools having longitudinal traverse. Other 
features will appear as we proceed. Fig. 201 gives a 
back view of this machine, showing the driving cone 
pulley and the camshaft, the latter being shown by 
itself in Fig. 202. The disposition of the forming 
and parting tools is shown in Fig. 203, while Fig. 
204 shows an attachment for drilling and tapping, 
fitted to the left-hand end of the bed, and Fig. 
205, one of two methods of controlling the movement 
of the headstock. The movement of the headstock 
is controlled by two methods according to the class 
of work to be done. The parts needed for either 
can be attached to the machine, so that work re- 
quiring two quite different forms of movement. can 
be accomplished on the one tool. One method 
consists of controlling the headstock by a slide 
having a slanting slot. The slide is moved across 
the bed by a cam-plate on the camshaft, and a pin 
in the slot causes the headstock to move on the 
bed. In the second arrangement shown in Figs. 
201 and 205 the cam takes the form of a bell which 
actuates a lever coupled to the headstock which 
advances and recedes in accordance with the cam 
profile. ‘ 

One camshaft controls all the movements of the 





machine. It is driven as shown in Figs. 201 


which was exhibited by Messrs. the Timbrell & |i 
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and also operated by cam, the two tools being 
brought into action alternately. The tool holders 
are designed to be quickly removed and replaced 
when grinding is necessary; they are provided 
with adjustments in all directions. 

The one camshaft controls the movement of the 


fed out against it by the 
opening the collet. The 
the cutting cycle commenced. This system 
only used if the stock will not damage the tool 
vice versa. If there is risk of harm arising the 
second method is used. In this a cutter is 
up to the bar which is then held in the steady. The 
headstock is then traversed back the proper amount, 
and the collet is closed and the cycle recommences. 
The feed mechanism stops the machine when the 
stock is exhausted. 

The accessories capable of being attached at the 
left-hand end of the machine include that shown in 
Fig. 204 for drilling and tapping, single or double 
spindle drilling, screw cutting (both t and left 
handed), recessing, &c. A taper t attach- 
ment is also arranged to fix on the tool 
lever. Every care has been taken to produce a 
tool capable of exact work, and every effort has 
been made to cut out idle time. 

In addition to the one we have already described, 
Messrs. Thomas White & Sons, of Paisley, also 
showed the automatic which is illustrated in Figs. 
206 to 208 on Plate LVI. This machine is capable 
of producing all classes of bar work, such as screws, 
nuts, thimbles, collars, &c., and is quickly adaptable 
for different jobs without changing pulleys or using 
special cams. The machine is self-contained, 
and requires no countershaft. A constant speed 
pulley on the machine drives through an all-gear 
speed box and also provides a variable ieed 
to the turret, form and cut-off tools. Power 
is transmitted from the constant-speed pulley 
through a friction clutch controlled by the lever, 
which can be seen alongside it in Fig. 206, so that 
all motions may be instantly started or stopped. 
A hand-wheel at the other end of the machine 
is provided for use when setting-up. Itis of self-re- 
leasing type, and does not revolve when the machino 
is running under power. The gear head gives 
16 spindle speeds, ranging from 122 r.pm. to 
1,251 r.p.m. in geometrical progression. Reverse 
is available on all speeds. The spindle is hardened 
and ground, and runs in phosphor-bronze bearings, 
and in the machine we illustrate admits bars up to 
% in. diameter. A larger size of machine takes 
1} in. bars. The collet chuck and feed finger are 
operated from the cam drum, and a scale on the 
drum is provided to facilitate adjustment for 
length. 

The cross-slides for holding the form and cut-off 
tools have independent feed, and can act separately 
or simultaneously with variable feed under auto- 
matic control. Fine adjustment of the tools is 
obtained by screw and lock-nut. The slides are 
operated by cams fixed to the slide cam dise. They 
are fitted with push-out springs and return quickly 
from the work when the cut is finished. No return 
cams are used. The feed control of the machine 
is by means of the left-hand lever of the three 








shown in Fig. 208. This lever controls the motion 
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of the feed shafts which are carried along the rear 
of the machine, and can be seen in Fig. 207. The 
upper of these two spindles has a constant speed, 
which is irrespective of the spindle speed. It 
controls the rotating of the turret, the opening of 
the collet, the feeding of the stock, and the bringing 
forward of the tools to their cutting position at 
maximum speed. The bottom, variable-speed shaft, 
operates the cam-drum shaft by means of dogs. 
Three rates of feed can be automatically obtained 
for each spindle speed, so that, in conjunction 
with the constant-speed shaft, one set of cams 
can be used for a large variety of work, and all 
nou-cutting motions are done in minimum time. 
The turret cam-drum has tapped holes spaced all 
round, so that the cam-plates can be quickly ad- 
justed for special work. In conclusion, and in 
reference to Fig. 208, it may be said that the central 
lever controls the fast and slow motions of the main 
spindle. In conjunction with each of these motions, 
eight speeds are available through the gear-box, 
giving in all the 16 speeds already referred to. 
The right-hand lever in Fig, 208 controls the reverse 
of the main spindle. 

Automatic machines were also shown by Messrs. 
A. Butterworth & Co., of Ainsworth-street, Roch- 
dale, The Butterworth machine is of the chucking 
type, and is fully automatic, except for the placing 
of the work in the chuck and withdrawing it. One 
operator can attend to from two to six machines, 
depending on the class of job being handled. The 
machines have single pulley drive, and three auto- 
matic changes of spindle speed. There are five | 
feed changes to the turret, operated through a! 
gear-box, and two feeds to the cross-slide. Auto- | 
matic stop motion is fitted. A full automatic turret | 
lathe was shown by Messrs. Greenwood & Batley, 
Limited, of Albion Works, Leeds. This is intended 
for the manufacture of screws, studs, &c., and a 
screw-slotting attachment is incorporated. A turret 
with five tool holes is provided and a cross-slide 
with holders for tools back and front. The auto- 
chuck will take bars up to 3 in. diameter, and the 
automatic feed will unis bars up to 4} in. in 
one movement. Small automatic screw machines 
were also shown by Messrs. The Centaur Tool 
Works, Limited, of Smethwick, Birmingham and 
Messrs. The George H. Alexander Machinery, Ltd., 
of Birmingham. 





LATHES. 


There are still a number of lathes with which we 
wish to deal, and from among these we may first 
refer to the f-in. capstan which was exhibited by 
Messrs. The Timbrell & Wright Machine Tool 
and Engineering Company, Limited, of Birming- 
ham; this is illustrated in Fig. 209 on Plate LVI. 
Messrs. Timbrell & Wright had a very attractive 

“display of the smaller type of capstan lathes, and 

our figure shows a characteristic example. The 
machine will take bars up to 4 in. diameter, and 
has six automatic revolving stops to the capstan 
slides, and a two-speed countershaft. The headstock 
is cast solid with the bed, and the spindle runs 
in adjustable phosphor-bronze parallel bearings. 
The cone pulley is turned inside and out, and is 
secured to a taper part of the spindle without a 
key. The automatic feed chuck is operated by a 
hand lever, and acts without stopping the lathe. 
When releasing the bar the tube is returned by the 
toggles, and does not depend on the spring of the 
collet. By removing the automatic feed and using 
an ordinary chuck a larger bar can be admitted 
through the spindle. The turret has six holes for 
tools, and the index ring and plunger bolt are 
hardened and ground. A split steel sleeve hardened 
and ground, and adjustable yy wear, surrounds 
the plunger bolt. The cut-off slide has two ad- 
justable tool-holders. 

A lathe of more than ordinary interest was shown 
by the Colchester Lathe Company, and is illustrated 
in Figs. 210 and 211, Plate LVI. This lathe has 
been produced especially to meet American com- 
petition and should go a long way in this direction, 
as its price is very attractive as figures go now-a- 
days. It is a high-speed, all-geared 8}-in. lathe, 
with quick-change feed gears and vee bed. All 
conflicting motions are interlocked. A very good 
idea of the speed gear-box of the head-stock is 





pulley is driven from a fast and loose pulley counter- 
shaft. The speeds range from 18 r.p.m. to 305 r.p.m. 
there being eight changes, obtainable by means of 
two levers. Speeds can be changed in less than 
five seconds. The spindle is hollow, bored to take 
a 2-in. rough bar. It runs in parallel phosphor 
bronze bearings, the front one being 3{ in. diameter 
by 44 in. long. The end thrust is taken on a ball- 
thrust washer. 

The feed gear-box is of the Hendy-Norton class, 
and gives 32 feeds, ranging from 8 cuts per inch to 
120 cuts per inch. For screw-cutting the range 
is 32 different pitches from 4 per inch to 60 per 
inch, also taken care of by the same gear-box. 
The saddle has bearing surfaces 24 in. long. At 
the back it runs on a vee; in front on a vee and the 
flat front guide of the bed. The apron is double- 
walled. The lead screw is used for thread cutting 
only, feeds being taken from the feed-shaft by means 
of dropping worms. A thread indicator facilitates 
the correct engagement of the lead screw. The 
sliding and surfacing motions are interlocked. 
The slide-rest is indexed and can be swivelled 
through any angle. The tail-stock is also adjust- 
able for taper-turning. The bed will admit of 








a handle on the leg below the head-stock, and an 
automatic revolving indicator shows at a window 
what speeds the back gears or direct drive will 
give. The back gears are engaged by friction 
clutches, operated by a lever in front of the head- 
stock. Another lever just above the last is for the 
friction clutch of the spindle. The end-thrust 
of the latter is taken by a ball-thrust bearing. 
The feed changes, arranged in the feed change-box, 
are 12 in number, but four change-wheels allow two 
other main changes which altogether make the 
range of feeds 36, or from 2 to 96 threads per inch 
for screw-cutting. Feeds and traverses are inter- 
locked. A reverse is arranged for the lead screw, 
operated by or from the saddle. This automatic 
control is effected by dogs on a rod below the apron. 

Figs. 213 to 216, page 433, illustrate a very work- 
manlike surfacing and boring lathe. This has 
13-in. centres. It is fitted either with a hexagon 
turret or square tool post for four tools. It is 
made by the Colchester Lathe Company. This 
machine has six speeds, with two speed counter- 
shaft, making twelve speeds in all ranging from 12 
to 324 r.p.m. The two-speed countershaft runs at 
100 and 240 r.p.m. and has 14-in. fast andfloose 
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work 3 ft. 4 in. between centres. As we have 
already stated, the lathe is 8} in. centres, or, as 
the makers class it, 17 in. swing-over bed, and 12 in. 
over saddle. The effort made in this instance to 
produce a high-powered modern lathe at a reason- 
able cost is certainly deserving of success. 

The latest Willson 8}-in. tool-room lathe is illus- 
trated in Fig. 212, annexed. A gang of several of 
these machines was shown by the makers, Messrs. 
Smith, Barker & Willson, Limited, of Halifax. This 
lathe has several uncommon features. As regards the 
machine itself, the bed is a bellied box girder. The 
guide and front support for the saddle is a special 
hardened steel vee, fixed to the side of the bed. 
This enables a good wearing surface to be provided, 
while the vee is in a protected position, and one 
giving a direct support to the saddle. The saddle 
bearing on the guide is 25 in. The bed top does 
not touch the saddle. The screw and rack are 
placed well up under the ways, and are both well 
protected by virtue of their position. The cross- 
slide is 20 in. long, or nearly as long as the saddle 
is wide, thus protecting the slide. 

The drive of these lathes is unique. Overhead 
shafting of all kinds is dispensed with, and a boxed- 
in shaft on the floor drives the machines through 
worms and clutches operating the main gear-box 
in the cabinet leg under the head-stock. The 
changes, which are made by sliding gears on a cas- 
tellated shaft, are four in number. The drive 
from this gear-box to the head-stock is by an en- 
closed belt. There are two sets of back gear in 
the head-stock so that 12 spindle speeds are obtain- 





obtainable from Fig. 211. The constant speed 


able. The gear-box changes are effected by turning 





pulleys. The largest pulley of the cone is 12} in. 
and the smallest 9} in. The spindle front bearing 
is 3f in. by 44 in. The thrust is taken on a ball 
thrust washer, and the spindle is bored for 2-in. 
rough bar. The feed box gives 32 feeds, ranging 
from 8 to 120 cuts per inch., or for screw cutting 
from 4 to 60 threads per inch in 32 steps. 

The bed is very heavy and strong for the size 
oflathe. Itis6ft.7in.long. The bearing surfaces 
for the saddle are very wide, and it will be seen that 
additional support is given to the saddle by a slide 
below the apron in front. This is carried on 
brackets on the bed, and when the turret or tool 
post is traversed well forward to work on jobs of 
large diameter, this slide gives a direct support 
under the cutting point. The arrangement will 
be clear on reference to our illustrations, and 
particularly the general view, Fig. 213, and the 
sectional drawing Fig. 215. The support is carried 
to the saddle through the apron which is of the 
double walled type. The self-acting sliding and 
surfacing motions are engaged by drop worms, and 
phosphor bronze wheels. An adjustable stop is 
provided on the bottom slide, engaging with a 
knock-off on the apron for cutting out the longitu- 
dinal feed. The longitudinal traverse, cross tra- 
verse and screw cutting motions are interlocked, and 
only one can be engaged at one time. The reversing 
gear can be thrown in without stopping the lathe. 
The machine is fitted with a very substantial 
turret carrying six tools or fixtures. The lathe has 
every appearance of a machine of good capabilities 
well up to its work. The same machine, as stated 
above, can be fitted with a square tool post to 
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the ram may be stopped at the top of the 
stroke. 








take four tools, a locating pin being provided for 
each setting. 

While dealing with lathes, though we are not able 
to describe at length other exhibits, mention may 
be made of the machines shown by Messrs. Brown 
and Ward, Limited, who had on view a 6-in. lathe 
for tool room work, and a 9-in. spinning lathe. 
Messrs. Denham’s Engineering Company, Limited, 
Halifax had four good class lathes, one with an all 
gear headstock, and a 6}-in. tool room lathe. 


Swive. Heap Stortmse Macaig. 

Slotting machines did not form a very prominent 
feature of the Exhibition, but in a previous article 
we illustrated one of more than common interest. 
Another interesting machine is shown in our illus- 
trations, Figs. 217 to 219, Plate LVII, of a slotter 
with a swivel head, made by Messrs. Harry F. 
Atkins, Limited, Old Fletton, Peterborough. This 
machine is made in two sizes, of which we illustrate 


Hieu-srexpD InTernaL Gruxping Srrxviz. 

In connection with their display of grinding 
machinery, Messrs. A. A. Jones & Shipman, Limited, 
Leicester, showed a small internal grinding spindle, 
running at the exceptionally high speed of 104,000 
r.p.m. This is a small spindle for very fine internal 








Messrs. Holbrook and Sons, Stratford, London, 





the 6}-in., the other being an 8}-in. machine. 


precision work, the diameter of the wheel being 





} in. With this small diameter, in order to obtain 
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had both a 6-in. and a 7-in. tool room lathe on view. 
The former is provided with cone pulley and change 
gears, with stops to the movements, micrometer 
dials, ete. The larger machine has a feed change 
gear box giving 36 changes without loose gears. 
It also has automatic stops. Messrs. John Birch 
and Company, Limited, 2, London Wall Buildings, 
E.C., had lathes of the smaller sizes on view. The 
34-in. Birmell screw-cutting lathe they were showing 
has a bed with a short central base, the floor model 
being mounted on a central column, making a very 
neat machine. This machine is arranged for screw 
cutting, and power friction drives are provided for 
the sliding and surfacing movements. The tool 
rest swivels and is of the square pattern, accom- 
modating four tools. The firm also had at their 
stands 4-in., 4}-in. and 5}-in. lathes of rather 
different pattern. 
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The drawings and photograph show the chief 
characteristic of the tool pretty clearly. The head 
swivels ten degrees either side, and the tool-box is 
also made to swivel in the head so that the tool will 
face in any direction. The tool also is relieved on 
the up stroke. There are three speeds on the smaller 
tool, and four for the larger. The traverses to 
the table are either hand or automatic, including 
the movement to the circular table. The longi- 
tudinal and cross movements are 12 in. for the 6}-in. 
machine. The diameter of work admitted is 
36 in., the column being set well back. The circular 
table can be set and locked in any position giving 
3, 4, 6 and 12 regular-sided figures, and itis graduated 
in degrees. The working surface of the circular 
table is 16 in. The feeds are by ratchet, and’range 
from 0-004 in. to 0-024 in. A brake, operated 
| by treadle, is arranged on the flywheel, so that 
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the correct surface speed, this high rate of revolu. 
tions has to be adopted. The speed is said to be 
twice as high as is attempted with other spindles. 
Fig. 220, Plate LVII, shows the double reduction 
used from the motor drive. The motor runs at 
2,500 r.p.m., and the intermediate spindle at 9,167 
r.p.m, From Fig. 221, which shows a longitudinal 
section of the spindle, it will be seen how it is 
mounted in its ball bearings. The spindle is }-in. 
in diameter where the cones are fitted. Each 
bearing has twelve }-in. balls. 


SoREWING-MACHINE For Novs. 


An interesting and useful machine which it is 
difficult to place in any definite class, was ex- 
hibited by Messrs. John Holroyd & Co., Limited, 
of Milnrow. It is illustrated in Fig. 222 on page 
434. The machine is intended for screwing right- 
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or left-handed nuts of different shapes. It consists 
of a bed carrying a headstock and tool-slides.. The 
work spindle is of cast-iron of large diameter, and 
is catried by the headstock. The drive is by belt 
on fast-and-loose pulleys, and through a variable 
speed gear-box to a worm and worm-wheel. A 
chuck or jig-plate to hold the work is mounted 
on the front end of the spindle. The travel necessary 
to cut a thread is obtained by longitudinal move- 
ment of the main spindle, the tool remaining sta- 
tionary. The lead is given to the spindle by an 
interchangeable leader, which is fastened to the 
back of the spindle. The leader runs in a gun-metal 
nut mounted in the headstock. The nut is split 
to allow of backlash being taken up. The spindle 
also carries a dividing arrangement to allow of 
multiple starts. The saddle is adjustable along 
the bed, and carries a turret-tool post so that 
roughing and finishing tools may be mounted. 
An automatic release and positioning of the tool 
is arranged by means of a toggle, which is operated 
by the spindle. The tool has also a sinking-in 
feed which is released at the required depth by means 
of a slipping clutch operated by an adjustable 
micrometer stop. The spindle is 4} in. diameter, 
and has a traverse of 9in. There are three forward 
spindle speeds of 15, 30 and 45 r.p.m., and one 
reverse of 50 r.p.m. 


CoMpRESSED Arm PLANT. 


Compressed air plant and pneumatic tools were 
represented mainly by exhibits by the Consolidated 
Pneumatic Tool Company, Limited, 170, Piccadilly, 
W. 1.; by Messrs. Reavell & Co., Limited, Ipswich ; 
and by Messrs. Mossay & Co., Limited, 7, Princes- 
street, 8.W. 1. The first of these firms, namely 
the Consolidated Pneumatic Tool Company, had 
a large assortment of pneumatic hand tools, and 
also a portable compressor plant driven by electric 
motor. In Fig. 223, annexed, we illustrate a 
similar plant driven by petrol motor. These plants 
are also made for driving by oil. The power re- 
quired is about 18 h.p. The chief interest is, of 
course, in the compressor which has a single cylinder, 
7% in. by 6 im. stroke. The drive is arranged so 
that it runs at 350 r.p.m., at which speed it has a 
capacity of 107 cub. ft. of free air per minute. It 
is suitable for pressures from 50 Ib. per square inch 
to 100 lb. per square inch. The belt wheel is 36 in. 
in diameter, the air discharge pipe 2 in., and the 
water supply pipe $ in. The compressor is of the 
enclosed self-oiling type. The compressor cylinder 
is of the double-acting class with ‘“ Simplate ” 
valves placed radially in the barrel, allowing the 
heads to be completely jacketed. The valves are 
thin flat discs of very light construction, and are 
arranged so as to reduce clearance to a minimum. 
The crankshaft is balanced by counterweights 
on the webs. The connecting-rod is of the marine 
type at the big end, and has brasses adjustable 
by wedge, in a solid little end. The crosshead is 
without adjustable slippers, but its bearing surfaces 
are very liberal and the pressure small. The com- 
pressor is fitted with a differential unloader, which 
allows the air compressed to return to the atmosphere 
whenever the supply in the reservoir reaches the 
full pressure. This is a differential valve held on 
its seat by a spring, and connected with the receiver. 
When the latter reaches full pressure, the spring 
is overcome, and the valve is forced off its seat, 
when its offective area is increased, and it is held on 
a bottom seating, allowing air to escape through 
a sleeve and pipe. When the pressure has fallen 
a certain amount the valve closes. The belt drive 
is arranged with a heavy jockey pulley to keep the 
belt taut, and increase the arcs of contact. The 
air reservoir is placed bene th' the frame. 

Messrs. Mossay and Co., Limited, 7, Princes- 
street, Westminster, S.W. I, who are the agents for 
various types of pneumatic tools, had an assortment 
of pneumatic hand tools for various purposes, 
including mining tools, picks for road work and 
engineering, light and heavy riveting hammers, 
boiler scaling hammers and rock drills. The Eloy 
pick shown by this firm has been used with very good 
results in cutting concrete when it has been 
necessary to cut through old work in connection 
with, for instance, new foundations. Messrs. 
Reavell and Co,, Limited,. Ipswich, exhibited 
several compressors, some of which were shown 





with portions removed so that the functions of the 
various ‘parts could be followed while they were 
running. _ The sets shown included a quadruplex 
com of 672 cub. ft. capacity, working at 
120. b. A portable set of 75 cub. ft. capacity was 
also shown, belt-driven by a Parsons petrol engine. 


Foremne APPLIANCES. 


Two firms had exhibits connected with the heavier 
side of forging. Although, of course, it. was not 





most useful design of small hammer. The belt 
normally is rather slack, and when the. hammer is 
worked, is tightened by means of a jockey operated 
by the treadle in front of the anvil. The pulley 
flywheel is keyed to a shaft at the other end of which 
is an adjustable crank on which works a short 
connécting rod. At the lower end of the latter is 
a crosshead in which are housed the upper ends of 
two spring arms. These pass within the tup where 
they are fitted with rollers running on curved roller 
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to be expected that really heavy stamps could be 
shown, both demonstrations attracted a good deal 
of interest. One we hope to refer to at a later date, 
and at present confine ourselves to the exhibit of 
Messrs. Bretts Patent Lifters Company, Limited, 
Coventry. This company exhibited a 7-cwt. self- 
contained friction drop stamp, and their latest 
type of 400 lb. automatic drop hammer which will 
give 60 blows per minute. It is controlled by a 
treadle. A 200 lbs, mechanical hammer was also 
shown by this firm, and is illustrated in Figs. 224, 
225 and 226, page 435. This is a belt-driven hammer 
with a free tup giving an elastic blow. It is a 





paths. The tup is thus not fixed rigidly to the arms, 
and on the latter moving up and down, following 
the rotation of the crank, the tup is allowed a certain 
elasticity of movement. The tup slides have a 
long tapered adjusting shoe on one side. The 
flywheel pulley is fitted with a brake applied when 
the treadle is released. 


Smawi Toots. 


The small tools exhibit were too numerous for 
it to be possible for us to deal with them in detail. 
The few we are able to mention must be taken 
as representative of a very much larger display, 
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in which the well-known manufacturers and also 
the leading steel makers were fully represented. 
Many firms had demonstration machines on_ their 
stands for the purpose of displaying their cutters, 
drills, &c., to greater advantage. Messrs. E. G. 
Wrigley and Co., Limited, Birmingham, exhibited 
“ Leader” brand high-speed twist drills, and a 
large collection of milling cutters, gear cutters, &c. 
The firm also showed high-speed stocking cutters, 
hobs,“and the usual classes of cylindrical cutters, 
with *shell®end "mills, end mills and so on. Hole 


Fig tok i 
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cluded{the*B.S.A. inserted oil tube drills, inserted 
blade milling cutters, self-centering chucks and so 
on, all, naturally, of the excellent quality and high 
finish with which the name of this firm is always 
associated. The firm also showed examples of jigs 
used in rifle work. As is now well known the 
B.S.A. Company undertake the design and manu- 
facture of jigs for all kinds of purposes as part of 
their business. The Brooke Tool Manufacturing 
Company, Limited, of Greet, Birmingham, and 
several‘other firms also had a large number of high- 
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in sizes up to 24 in. by 19 in. Each ig carried in 
a base which is ground true to the glass surface. 

A new twist drill being placed on the market 
by Messrs. Alfred Herbert, Limited, Coventry, ¥s 
illustrated in two sizes in 227 and 228, sub- 
joined. This form of stepped drill is on Robertson’s 
Goua The drills are made in three to eight steps of 

fferent size, according to the work they are intended 
to perform. They are primarily intended for boiler 
and other plate work, condenser tube plates, &c. A 
great saving in power results from one step passing 









Fics. 224 to 226. 200-Ls. Bett Driven Hammer; Messrs. Bretts Patent Lirrer Company, Lrp. 
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and shank reamers were also displayed. Messrs. 
Lehmann, Archer and Co., Limited, 5, Farringdon 
Road, E.C. 1, had a well arranged exhibit of small 
tools such as taps and dies of the various threads 
now in use, in sets and otherwise, also die nuts, 
chasers and so on. We believe we are correct in 
stating that this firm was the first to make B.A. 
standard thread serewing tackle, now one of their 
regular productions. Messrs. A. A. Jones and 
Shipman, Limited, Leicester, who have gone in 
largely for small tools of particular lines had a 
display of tool holders of various patterns. These 
included different types suitable for different types of 
tool post, and designed for different sections of tool 
steel. The firm also had knurling tools, grooving and 
cutting off tool holders, thread cutters, boring 
bars, dogs, standard sockets, mandrels and so on, 
all of excellent finish. The B.S.A. Tools, Limited, 
Birmingham, had an exhibit of interest which in- 
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Rosertson’s Sterrep Twist Demi; Messrs. ALFreD Hersert, Lrp. 


class tools and cutters to attract the attention of 
machine tool users. 

The small tools shown by Messrs. Alfred Herbert, 
Limited, included several interesting ones brought 
out by Messrs. A. Leonard and Co., Croydon, for 
whom Messrs. Herbert act as selling agents. 
Among these was an adjustable square of which the 
blade is bevelled on both sides. The blade fits on 
a dowel pin on the shank, and is fixed in place by 
three screws. Adjustment is secured by two screws 
and adjusting rods with hardened points bearing on 
the edge of the blade. Some glass surface plates 
were also shown by this firm. These are said to be 
ground optically flat, and are guaranteed to within 
0-000025 in. They are made of plate glass from 
3 in. to 1} in. thick, their sclerescope hardness being 
from 100 to 120. They do not distort under 
ordinary workshops temperatures. They are in- 
tended specially for tool-room use, and are made 





right through the material before the second ns 
work, and the comparatively small size of the first 
nm necessitates much less power than would a 
full diameter drill point. The drills can be used 
with jigs to the size of the first step, after which the 
jig may be removed and the operation completed, 
using these holes as a guide. A very smooth 
finish may be given by using a final step only 
% in. or so larger than the one before. Some 
comparative tests for a 2-in. drill of the usual ype 
showed the horse-power used to be 8-67, le 
with a stepped drill the first step required 5-27 h.p., 
and the remaining three oy took only 1-97 h.p. 
and 2-67 h.p., the average for the operation being 
3-30 h.p. 


ENGINEERING INSTRUMENTS. 


As we have already pointed out, an attempt to 
deal adequately with the main, machine tool, side 
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of the Exhibition has taken such a large propo 


concerned with machine-shop 
described as machine tools. We would like, however, 
before concluding to refer to some of the mis- 


cellaneous exhibits, and may first say something 
ineeri instruments and industrial 


of the engineering 

scientific appliances which were shown by Messrs. 
The Cambridge & Paul Instrument Company, 
Limited, of 45, Grosvenor-place, London, 8.W. 1; 
Messrs. The Foster Instrument Company, of Letch- 


worth; and Messrs. Negretti & Zambra, of 38, 


Holborn-viaduct, London, E.C. 1. 


"SMessrs. The Cambridge and Paul Instrument 
Company made a very complete display of {CO, 
indicators and recorders, thermometers, pyro- 
meters of various types, draught and pressure 


gauges, electrical and mechanical measuring instru- 


ments, potentiometers, testing sets, &c. The recorder 
for distance thermometers which was shown by 
It prints 
on a continuous paper band and may be supplied 


this firm is an interesting instrument. 


to deal with one, two, three, four or six points. 


The instrument is essentially a galvanometer, 
the pointer of which is automatically depressed 


at intervals on to a thread impregnated with ink, 
and which passes above the surface of the chart. 
A separate thread is employed for each point, and 


each thread carries a different colaured ink. The 


threads are carried over a swinging cradle, and each 
is in turn brought under the pointer, the con- 
nections to the galvanometer being at the same time 
automatically changed. The arrangement results 
in the plotting of a series of curves of a different 
colour for each point, or arrangements may be made 
for the curves to be distinguished by a different 
arrangement of dots. We cannot now deal with 
other of the instruments shown, but as a direct 
adjunct of machine tools may mention the micro- 
scope lathe attachment. This consists of a com- 
pound microscope fitted with an eye-piece capable 
of being focused on a diaphragm ruled with fine 
lines representing the thread angle of the tool to 
be used, and another line equally inclined to both 
of these. When the cross line is set parallel to the 
axis of the cylinder to be threaded the angular 
position for the tool is accurately indicated. 

Messrs. The Foster Instrument Company showed 
pyrometers, &c., their most novel exhibit consisting 
of an indicating instrument with a new and patented 
form of spring mounting for the moving.part. This 
is said to maintain its accuracy even after very 
heavy shocks to the instrument, and to have 
eliminated the trouble of broken pivots. Messrs. 
Negretti & Zambra showed a new form of trans- 
mitting thermometer, which we hope to refer to 
again later. 

In our two previous issues we have given descrip- 
tions of several measuring machines which were to 
be seen at the exhibition. In Fig. 229, annexed, 
we give an illustration of one which was shown at the 
stand: of Messrs. Alfred Herbert, Limited, who act 
as agents for the makers, Messrs. A. Leonard and Co., 
Croydon. This is a machine giving mechanical and 
optical magnification. The bed carries a fixed 
headstock and a moving tailstock. Each carries 
one of the anvils. The fixed headstock anvil has, 
at its opposite extremity, a knife-edge in contact 
with a bell-crank lever. This controls the move- 
ment of a rotating mirror on which a cross-wire 
is fooussed, projected from the lamp on the left of 
the instrument. From the mirror the wire is 
reflected on to the long scale shown at the back 
of the machine. The tailstock anvil rests on a 
ball in the bottom end of the adjusting screw. This 
anvil is held back by a strong spring, light springs 
also being applied to the headstock anvil and to 
the mirror, to eliminate backlash. A lifting table 
is provided to take the weight of heavy pieces, 
having screw and rack vertical adjustment. The 
machine will measure lengths up to 12 in. The 
measurements are made against standard calibrated 
rods and blocks. The former are spherical ended. 
In operation the image is set to the calibrated length 
on the scale, and the length of the piece to be 
measured obtained from the reading on the scale, 
after substituting it for the calibrated rod. An 
accuracy within 0-0005 in. is guaranteed by the 


rtion 
of our space that it is not possible to deal more than 
briefly with other features which, although directly 
practice, cannot be 


makers when the seal locking the cover enclosing 
the amplifying gear is not broken. 
MISCELLANEOUS EXuHtsiTs. 


In conclusion, there were one or two miscellaneous 
exhibits we would like to mention. Among these 
is the automatic weighing machine which was shown 








by Messrs. The Boston Scale Machine Company, of 
100, Ruggles-street, Boston, Mass., U.S.A. This 
consists of a weighing platform with lever mechanism 
connected up to a weighing arm in more or less the 
standard way. The actual weighing mechanism 
is, however, very novel. All that it is necessary 
to do in operating the machine is to place an article 
on the platform and throw-over a handle. The 
machine them automatically takes the weight, 
records it on an indicator on the front of the machine, 
and at the same time prints it on a travelling strip 
of paper. The arrangement is an electrical one, 
and the operation is briefly as follows :—When a 
weight is placed on the platform the weighing-arm 
tips up and makes an electrical contact. This 
causes the balance socket to begin to travel along 
the arm. This motion is rapid and continues until 
overbalance is obtained. The rocking-over of the 
arm then alters various switches, the forward 


begins to move back in steps equivalent to a weight 
of 1 lb. each until balance is obtained, when it 
comes to rest. An important feature of the machine 
is that it is not necessary for the balance weight to 
travel back to zero between each weighing. If a 
series of articles of approximately similar weight 
is dealt with the balance weight simply moves a 
short distance to and fro on the arm obtaining the 
various balances. This greatly adds to the rapidity 
with which weighing work can be carried out. The 
machine will weigh articles of from 5 Ib. to 5,000 Ib. 
accurately to one pound. It can, of course, be 
used by unskilled labour, and it is practically im- 
possible to get a weight wrong. 

As this weighing machine is more or less an 
electrical device, we may follow on from it to a 
mention of one or two of the electrical exhibits, 
such as that of Messrs. The Electrical Apparatus 
Company, Limited, of Vauxhall Works, South 
Lambeth-road, London, S.W. 8. This firm showed 
various examples of their manufacture, including 
A.C. and D.C. gear suitable for machine-tool control. 
The same type of apparatus was exhibited by 
Messrs, The Igranic Electric Company, Limited, of 











Fig. 229. Mzasurrye Macuine ; 


motion of the balance weight is stopped, and it. 





147, Queen Victoria-street, London, and Bedford. 
Magnetic separators were shown by Messrs. The 
Rapid Magnetting Machine Company, Limited,’ of 
48-52, Lombard-street, Birmingham, while cutting 
or welding materials and appliances were to be seen 
on the stands of The Alloy Welding Processes, 
Limited, of 14-16. Cockspur-street, London, S.W. 1, 
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Messrs. A. LEONARD AND Co. 


and Messrs. The Integral Oxygen Company, Limited, 
of 38, Victoria-street, Westminster, S.W. 1. 





Tse Swiss Feperat Trcunicat Hien ScHoor.— 
During the year ended this summer, the Federal Tech- 
nical High School at Ziirich was attended by 2,267 stu- 
dents, against 2,249 in the previous year. The number 
of foreign students amounted to 24 per cent. of the total. 
These came mainly from Roumania (48 students), 
France (47), Italy (44) and Norway (40). Hungary 
and South America each sent 35 students, Germany and 
Russia 30, Greece 19, Great Britain 15, and Austria 14, 
but there are also on the lists Jugoslavia with 19 and 
Czecho-Slovakia with 6 students. The foreign students 
were particularly strong in the engineering schools. 
The eral attendance given do not include 
the ~feae,” i.e.. not fully matriculated students ; their 
number was 381 during the summer session and 95 of 
them were students of the Ziirich University. 





Zrxo OxmpE From GaALvaNisEeD [Ron In SremENs 
Furnaces.—Siemens-furnace men do not like to have to 
deal with zinc-coated scrap iron which would deteriorate 
the iron and some furnace linings; hence gal- 
vanised scrap has a low value. When the zinc is dissolved 
off the iron by hydrochloric acid, the zinc chloride 
ene sag contains too much iron to be a good material 

or the manufacture of lithopone although there may be 
a good deal of zinc in the iron. R. W. Miiller, of Witten, 
Westphalia (Stahl und Eisen, September 19 last), found 
up to 17 per cent. of zinc on iron pails, whilst the electro- 
lytic zinc egg wire amounted to only 1 per cent. 
of the iron. Taking 8 per cent. of zinc as an av 
figure for galvani iron, it should be profitable to re- 
cover that zine. Miiller describes his open-hearth furnace 
designed for this p se. The furnace is of the oe 
type, but is suaatied with bridge extensions at bot 
ends and with valves which can cut the furnace off from 
the flue and connect it with the cooling and condensing 
lant and the suction fan of this part of the plant. 
The furnace is first charged with ordinary scrap ; when 
this scrap has been melted and the furnace is spongy 
hot, the zine-scrap is added, afier operating the valves 
mentioned. Through the bridges the zinc oxide vapours 
enter special chambers in which the vapours can expand. 
They are then drawn through a system of iron pipes 
in which they are cooled (by the atmosphere) down to 
150 deg. C. before they pass through the fan and into 
the dust flues, which are provided with baffle plates, and 
the filters. There is no mention of electric precipita- 
tion of the finest dust. The impure coarse zinc dust collec- 
ting in the iron pipes is sold to zinc smelters ; the finer, 
r oxide from the bags is utilised as zinc white. 
the 15-ton furnace the zinc volatilisation cirried out 
by the process above described takes about 2 hours. 
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THE BRITISH ASSOCIATION. 
(Concluded from page 416.) 
Szcrion B.—Cuemistry—(concluded). 
LUBRICATION. 

Tue discussion on lubrication was opened by 
Dr. A. E. Dunstan, 'who, in 'a note on “‘ The 
Chemical Nature of Mineral Lubricating Oils,” 
by himself and Dr. Thole,' admitted that ‘our 
present. knowledge of the constitution of the 
hydrocarbons comprising mineral lubricating 
oils remained extraordinarily limited. Paraffins 
were present to a very small extent only ; reactive 
unsaturated hydrocarbons made up 20 per cent. to 
40 per cent., non-reactive saturated hydrocarbons 
the rest. Most of the unsaturated constituents did 
not behave like true olefines, in so far as they gave 
a black tar (not a colourless polymer) with con- 
centrated sulphuric acid, reacted sluggishly with 
iodine chloride and could apparently not be hydro- 
genated in the ordinary way by hydrogen in the 
presence of nickel. The iodine values varied much 
with the concentration of the reagent and the 
duration of its action. Dr. Dunstan hence suggested 
a somewhat unstable ring system—instead of the 
olefine linkage—for these reactive constituents. 
The’ saturated hydrocarbons seemed to consist 
essentially of naphthenes (polynuclear compounds) of 
low viscosity and low lubricating efficiency (Maberg). 
In order to obtain a good lubricant the oil refiner 
should carefully regulate the acid treatment so as 
to remove oxygenated compounds and the most 
reactive unsaturated compounds which were chiefly 
responsible for gumming and carbonisation, whilst 
destroying only a minimum of the more stable 
unsaturated compounds of lubricating value. 

The contribution to the discussion made by 
Messrs. Henry M. Wells and James E. Southcombe, 
M.Se., on “‘ Lubrication and the Germ Process,” ran 
on lines which are familiar to our readers from the 
discussions‘of last winter. Mr. Wellslaccentuated that 
lubrication was connected with a residual valency 
or affinity between the oil and metal, and that 
oiliness was not some particular 'property of "the 
oil itself. ‘The presence in the mineral oil of one 
per cent. of fatty acids reduced the frictional co- 
efficient. of their “germ oils” from 0-0084 to 
0-0052, by 26 per cent., and by suitably choosing the 
typeof fatty acid, the behaviour of oil in the pre- 
sence of water and other contaminating substances 
could be modified at will. ,Thus good lubricating 
oils could be produced from mineral oils at a little 
extra cost, and the fatty acids wanted for this 
purpose were the commercial acids unsuitable for 
food, whilst the mineral oils used in the germ process 
were the thin oils of the cheaper kinds. 

Mr. H. T. Tizard, of Oxford, referring to the 
work of Langmuir and Hardy, said that there was 
evidence, though not decisive evidence, that a 
layer of oil one molecule in thickness was sufficient 
for lubrication, He himself thought that the layer 
should be thick enough to prevent molecular attrac- 
tion between the two metallic surfaces. In the 
Wells-Southcombe,process there would be a layer 
of one molecule of fatty acid on each surface of the 
lubricant which was adsorbed by the metal.. [We 
would here draw our readers’ attention to the paper 
by Dr. Wells ‘on “‘ Thickness of Stratified Films,” 
which was read in Section A and dealt with by us 
on page 383 ante] As regards the measurements 
of interfacial tensions Mr. Tizard had found that, 
when he allowed mercury to drop through castor 
oil, the drops collected intact at the bottom of the 
vessel, whilst mercury drops falling through glycerin 
coalesced rapidly and hence were not separated by a 
film of oil which would keep them outside the 
range of molecular attraction. Now glycerin was 
no good as a lubricant, but castor oil was, though 
both had practically the same viscosity ; viscosity 
had little to¥do with lubrication, and interfacial 
tension was not a guide as to lubricating power. 
In reply to Mr. Southcombe, who asked whether the 
castor oil had been acid-free, Mr. Tizard added that; 
the oil was the best obtainable. 

_Mr. 8. R. Dlingworth said that in testing refinery 
oils from ‘various parts of the world, he had fre- 
quently observed a decided reactivity—sufficient to 
dissolve 2 per cent. of co oils which were 





free from sulphuric acid and from sulphonates ; 


this reactivity he ascribed to naphthenic bodies, 

and it was noteworthy that such reactive oils also 

had a large temperature range of lubricating power. 
CaRBon DETERMINATION. 

The new “Method of Estimating Carbon by 
Combustion in‘Organic Substances when available 
only in Minute Quantities,” which Dr. R. V. Stan- 
ford, of Cardiff, described, aims at perfection in 
anal requires further elabora- 


ance with the quantum theory, on the assum) 
that the electromagnetic force fields of the atoms 
are condensed in the molecules. The report tabu- 
lates the copious literature on the subject which 
has accumulated since 1916. 

After consideration of the report it was resolved 
to appoint Professor Baly chairman of a new com- 
mittee dealing especially with the study of infra-red 
spectra, the extreme importance of which has Jong 
since been generally recognised, though not all the 
physicists accept the “fundamental ”’ frequency in 
the infra-red of which the other frequencies are 
assumed to be multiples. 

The Committee on Colloids was reappointed. 
























































ytical practice which 
tion. Dr. Stanford had a similar paper also on the 
‘Estimation of Amno-Acids.” 


ATMOSPHERIC POLLUTION AND ITs MEASUREMENTS. 


Dr. J. S. Owens gave an account of researches 
conducted during recent years by an advisory 
committee of the ‘Meteorological Office on Atmo- 
spheric Pollution. The 27 stations distributed 
all over the country, he stated, recorded in general 
an improvement, but four stations, two in London 
and two in Glasgow, reported increased deposits ; 
Westminster enjoyed an alpine peak atmosphere 
compared. with Sheffield, however. The impurities 
differed much also with time, the season and the 
hour. . Between midnight and. 6 a.m. little dust was 
deposited ; with the lighting of the fires the impurity 
increased up till about 11 a.m.; the pollution 
varied little afterwards, till the night diminution 
set in after 10 p.m. The dust consisted of large 
soot particles, coming down like the rain, and 
extremely fine particles which pervaded our rooms 
and. could hardly be filtered. They had tried 
various filters and were ready to supply instruments 
ata moderate cost ; Cardiff should have one, for in- 
stance. The corrosion of stone, &c., was partly 
to be ascribed to the gases or vapours and partly 
to the, acidity of the suspended dust particles. 
The determinations, especially of the latter acidity, 
were exceedingly difficult, and the problems were 
not yet satisfactorily solved, owing to the extreme 
dilution of all the reagents in question. Sulphuric 
acid, ammonia and chlorine and their compounds 
might be held responsible for the corrosion. They 
had, however, found that sulphuric acid and 
sulphates were the chief agents. The hydrochloric 
acid ejected from the potteries near the southern 
bank of the Thames had been charged with causing 
the corrosion of the Portland stone of Westminster 
Abbey and the Houses of Parliament ; but experi- 
ments acquitted both hydrochloric acid and am- 
monia. Stones were not so much corroded by the 
sulphuric acid direct as by the sulphates, including 
ammonium sulphate into which the acid was 
converted by the dust. The chief indicators they used 
were indigo, carmine and methyl orange; Congo 
red was also sensitive to carbon dioxide, and there- 
fore unsatisfactory. 

Mr. Heycock opened the ,discussion on the 
subject by putting questions as to the corrosive 
chemicals. The importance of the work was 
emphasised by Sir Napier Shaw. Mr. William 
Thomson, of Manchester, in describing his own 
method of dust estimation, pointed out that glass 
apparatus (Dr. Owens had spoken of glass) was 
unsuited for such estimation ; silica vessels should 
be used. Professor Desch considered the action of 
hydrochloric acid probable and referred to the 
decay of some harbour buildings at Liverpool, which 
might be connected with the fumes from the chemical 
works at St. Helens ; but Dr. Owens had not found 
any evidence of chlorine action in corroded stones. 
Free sulphuric acid might be present in fogs, 
but this was a matter which they had ‘not yet 
sufficiently investigated. 

Axssorption Spectra or Orcantc ComPpounns. 


The main conclusions of the report of the com- 
mittee dealing with this subject, which is drawn up 
by its secretary, Professor’E. E. C.' Baly,”of Liver- 
pool, are the following :— 

Every'elementary atom‘ possesses,one or more 
characteristic frequencies ; the molecule of atoms 
of different elements is endowed with a freq 
which is the least common multiple of the frequen- 
cies of the respective atoms; these molecular 
frequencies are also characteristic, since they persist 
down to low temperatures, and the molecular fre- 
quencies in the visible and ultra-violet spectrum are 
multiples of a fundamental frequency in the infra- 
red. These conclusions are explained, in accord. 


Surrace Tension anp Conpvuctiviry at Extreme 
TEMPERATURES. 

The remarkable researches on the determination 
of surface tension and electric conductivity over 
the range — 100 deg. to + 1600 deg. C., of which 
Professor F. M. Jaeger, of Groningen, Netherlands, 
gave a brief account, were referred to in our issue of 
May 24, 1918. Professor Jaeger is continuing this 
work, which involves great experimental difficulties, 
and he was not yet in a position to give data about 
the conductivities of metals at high temperatures, 
though he can determine temperatures within 
1 deg, ©. near 1500 deg. C. 

In the case of his surface tension measurements 
he produces a bubble of nit at the end of 
a capillary of platinum or platinum-rhodium just 
dipping into the fused material, and he deter- 
mines the bursting pressure of this bubble. The 
edge of the capillary, he stated, should be as sharp 
as a razor, because otherwise the bubble would 
spread out into a mushroom of uncertain volume, 
instead of remaining hemispherical. The capillary 
communicated by a branch filled with normal 
octane with the mercury gauge, which was read 
within 0.001 mm. by a telescope. In the case of 
the alkali halides the molecular surface energy / 
was highest for the fluorine compound and lowest 
for the iodine compound, decreasing in the order 
KF, KCl, KBr, KI, i.e. as the molecular weight 
increased. But when fluorine, &c., was intro- 
duced into benzene this order was reversed, and 
there was no general rule as to increasing molecular 
weight. When the values of « were plotted against 
temperature, the curves were straight lines or 
slightly curved. 

In some experiments the surface tension was 
determined by suspending a platinum disc by 
a platinum wire in the fused material; though 
that wire, itself attached to the chemical balance, 
was 1 m. long, it was difficult to keep the heat of 
the crucible away from the balance, even when a 
water jacket was inte The conductivi 
measurements were still more difficult, because all 
insulating materials failed at high temperatures, 
and the exact centring of the ‘nner electrode within 
the outer ring electrode (all of platinum) was a 
matter of great delicacy; the Kohbrausch tele- 
phone method was used, but the induction coil in 
the telephone was replaced by a Vreeland oscillator 
(of Messrs. Leeds and Northrup). Testing salts 
like potassium tungstate and molybdates at tem- 
peratures up to 1625 deg. Professor Jaeger had 
found the conductivity curves to be straight lines, 
proving that these electrolytes must be simple in 
structure, an important conclusion. 

Mr. Heycock and others dwelt upon the import- 
ance of such work which, Sir William Pope pointed 
out, would best be left to one or two laboratories 
open to all competent men. 


Coat anp Iron 1x Sourn Wass. 


We may mention here a few papers contributed to 
discussions on the coal and iron industries of South 
Wales, held in the Geography Section E. Dr. A. E. 
Trueman, of Cardiff, dwelling upon the important 
influence which the iron trade had had upon the 
development of the coal field, said that the iron 
ores were of two types, hematites, of local occur- 
rence, and the more important ironstone nodules, 
of more general distribution in thin layers between 
the shales of the coal measures. The nodules had 
been worked at the outcrops by sco and as 
the dip of the coal field was very steep in the south, 
the nodules were chiefly obtained along the northern 
slope ; the north-eastern part of the field at Merthyr 
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Tydfil remained the centre of the industry. The 
output of ore had decreased during the latter part 
of the nineteenth century, and at present most of the 
local ore was smelted in Staffordshire ; the iron- 
stones, moreover, were too phosphatic for steel 
making, so that Spanish ores were introduced. 

Mr. D. Lienfer Thomas, dealing with the distribu- 
tion of the population on the coal field, pointed 
out that, up to the middle of the last century, coal 
mining in South Wales remained subsidiary to iron 
mi After the iron industry had reached the 
Rhondda Valley in the ’fifties, the population ot 
Merthyr Tydfil increased in forty years, from 1871 
onwards, by 273 per cent., the density of the popu- 
lation in the lower Rhondda Valley now being 
26,240 people to the square mile. 

Mr. 8. Roy Lllingworth, of the School of Mines, 
Treforest, referred in his paper on the coalfield to 
geological features and to the classification of coal 
according to C, A. Seyler; he also summarised the 
important work on coal research done at Treforest. 


Scrence Arpiiep TO PuBLIC SERVICES. 

The conference on “Science Applied to the 
Public Services,” over which the President of the 
Association, Professor A. W. Herdman, presided, 
was the outcome of a resolution passed last year 
at Bournemouth to urge upon the Government, and 
upon Cabinet Ministers personally, the necessity 
of organising a scheme of scientific research. The 
conference was held on the Thursday of the 
meeting, August 26th, at 5 p.m.; and although 
meetings had been in session since 9 a.m. that 
day, Mr. F. E. Smith, F.R.S., director of the 
Admiralty Research Department, who attended 
by desire of the Admiralty, was able to address 
a very full meeting of leading members from 
all the sections. Remarking that the Association 
could help both by pointing out defects in the 
organisation they had adopted, and by giving the 
sadly-needed moral support,, Mr. Smith stated 
that his position was one of great responsibility, 
though all proposals were brought before the 
Advisory Council of the Admiralty, on which Sir 
R. T. Glazebrook and Sir A. Schuster had seats, 
besides official members. Nearly all naval research 
could usefully be initiated on land before being 
taken on board, where expenses might become very 
heavy. Their scheme aimed at a land laboratory 
and an establishment for sea work. They were at 
present training a naval staff of 28 scientific members 
who had a card index of all literature on the subject 
at their disposal. The director was empowered to 
arrange for special work to be carried out by private 
individuals and to grant financial aid for such work ; 
such an arrangement had already been made in five 
cases. As regards big problems, the Research De- 
partment was ready to co-operate with scientists 
in promoting a new Challenger expedition, which 
the President had demanded in his address, and 
which the Association subsequently recommended 
by a general resolution; Mr. Smith added that he 
did not speak for the Admiralty in this matter. 
There were great difficulties, especially with respect 
to the overlapping of researches by different depart- 
ments, but the Research Department was going to 
do its utmost to encourage the carrying out of the 
work necessary. 

A prolonged and necessarily somewhat dis- 
cursive discussion followed. Professor C. F. 
Jenkin (Section G) outlined the similar scheme 
adopted in the Air Ministry; he dwelt upon the 
importance of interesting the colleges in their 
researches and upon the difficulty of finding the 
competent first-class man for a particular investi- 
gation. Other speakers e>:pressed the same anxiety, 
which the public <7! share to even a fuller extent. 


Professor Barcroft cagooolany 5 aprry Shee war in 
charge of the gas}w: station at Porton), Sir 
Robert Robertson (Woolwich), and Dr. J. W. 
Evans (Geology ; adviser on petroleum to the Colonial 
Office), mentioned how they had worked in other 
departments. Professor Stanley Gardiner (Zoology) 
thought that young naval officers should be given 
facilities for university studies and agreed with 
others that the,position of the first-class research 
workers should be made more influential and 
seoure. Professor Bone pleaded for fuel research 
which should not be centred in a London 
laboratory; and Dr. F. A. Bather (Geology) drew 





attention to the fact that the Natural History 
Museum could do much useful work, and had done 
so, but it was frequently asked the same question 
over again by all sorts of Government depart- 
ments. > 


Eventne DiscouRsES AND CrTizEN LECTURES. 

Two evening discourses were given, one by 
Sir R. T. Glazebrook on “Some Requirements of 
Modern Aircraft” (with which we shall deal in 
another issue), and the other by Sir Daniel Hall, 
F.R.S., on “ A Grain of Wheat from the Field to 
the Table.” Warning his audience that food 
supplies were running short, Sir Daniel said that 
mummy wheat was a myth, and that wheat, 
improved not by selection of seed grains, but by 
crossing, could now be grown even on poor soil if 
strong enough to stand up in rain and wind and 
against weeds. They were now experimenting with 
machines that would sow economically—a remark 
which should interest engineers. 

Three Citizen Lectures, open to the public gene- 
rally, were also delivered, namely, on “ Light and 
Life” by Professor J. Lloyd Williams, of Aberyst- 
wyth; on “ Present Industrial Conditions,” by 
Professor A. W. Kirkcaldy ; and on “ The Geogra- 
phical Position of the British Empire,” by Dr. 
Vaughan Cornish. 


ConcLupine REMARKS, 


The attendance of 1,378 members of all classes 
did not reach the figure 1,497 of the Cardiff meeting 
of 1891, nor the 1,471 of last year’s meeting. Con- 
sidering existing circumstances, however, the atten- 
dance must be regarded as satisfactory, and the 
sections with which we have more fully been deal- 
ing, especially A and G, were certainly of high 
interest and exceedingly busy. The same remarks 
apply equally to most of the other sections. Yet 
‘here was a regrettable, though not unexpected, 
falling off in the attendance of old members. The 
recent raising of railway fares and the increased 
cost of living are partly responsible, and it is to be 
feared that things will hardly improve by the 
time Sir Edward Thorpe’ takes the chair at 
Edinburgh next year. But that meeting fortunately 
will once more be a full week’s meeting, from Wed- 
nesday, September 7, to Wednesday, September 14, 
and though some critics, without and within the 
Association, scoff at the pick-nicking element 
supposed to be connected with the week-end 
excursions, it stands to reason that members, 
especially members with families, will hesitate to 
make a long journey across the country for attend- 
ing a meeting at which everything is crowded 
within four days. Exceptional conditions had 
this year rendered the short meeting necessary ; 
but those who advocated it as the proper course 
for a scientific meeting by contrast to the popular 
gathering, took a narrow and erroneous view. 

The grants made this year for committee work 
quite come up to the usual figure, about £1,100. 
Section A receives £115 (for researches connected 
with seismology, tides, gravity at sea, calculations 
of mathematical tables, and chemical tables of 
constants); Section B, £105 (for the committees 
on colloids, fuel economy, diazonium salts and 
absorption spectra); and Section G. £250} (for 
researches on complex stress distribution and on 
gaseous explosions). The sectiors dealing with 
zoology and anthropology also receive substantial 
grants. These figures do not comprise allowances 
made from the Caird Fund of the Association, nor 
the definite grants for which the Association will 
apply to the Department for Scientific Research 
and other public bodies. A successor to the late 
treasurer, Professor John Perry, has not yet been 
appointed ; Sir Charles Parsons succeeds the late 
Lord Rayleigh as trustee. 

We have already mentioned that the} jiation 
will reassemble at Edinburgh on September 7, 1921. 
For 1922 an invitation{to Hull has been accepted, 
and Canada will be glad to entertain the Association 
once more (for a fourth time) probably in 1924. 





Exectric TRAINS THROUGH THE Mr. Cents TUNNEL. 
Sop tete erie esttarmen. ae 


which, we may mention, is being worked by ‘three-phase 
current of 3,000 volts. 





THE TILLING-STEVENS MOTOR-CAR 
WORKS. 

On Tuesday last we had an opportunity of inspecting 
the works at Maidstone, Kent, of Messrs. Tilling- 
Stevens Motors, Limited, whose principal product is 
their well-known 3-ton to 4-ton petrol-electric chassis 
for omnibuses, chars-d-bancs, fire service vehicles, elec- 
tric welding plants and other moderately heavy road 
traction work. The works are situated on the Medway, 
between the East Station on the Mid-Kent line, andthe 
Barracks Station on the North Kent line of the South- 
Eastern and Chatham Railway, so that good facilities 
exist for both rail and water t . The main 
building which was commenced in 1916 and opened last, 
year, is a ferro-concrete structure, having four floors 
above the ground level and an erection on the roof used 
as a hardening shop. A separate single-storey building 
on the opposite side of the road, the firm’s original 
machine shop, is now used for body work and also as 
a store for rough and finished parts. The works have 


‘a total floor area of 190,000 sq. ft., employ about 1,200 


men at the present time, and are capable of producing 
about 40 chassis per week. In another part of the town 
a building has been acquired and adapted for use as a 
works club and a hostel for accommodating 25 
ai tices. 

general the sequence of the work is from the 
top of the main building to the bottom, and in 
briefly describing the works it will be convenient to 
follow this order. The hardening shop, as above 
mentioned, is a roof construction equipped with gas- 
fired furnaces for case-hardening gears and other parts, 
and also for the heat treatment of steel. Oil and water 
quenching tanks, and a sand blast plant, are also 
provided. On the top floor are situated the tool room 
and tool stores, machine shops for general work, 
ce wn department, plain grinding department, 

the laboratories, which include equipment for 
chemical and metallurgical tests as well as for tests on 
the strength of materials. For the latter purpose a 
50-ton Olsen tensile testing machine and an Avery 
impact testing machine are installed. The third floor 
accommodates the progress department and machine 
shops for finishing engine parts, gears, axles, &c., 
@ separate section of the shop being devoted to each 
particular part. The finished parts are transferred to 
the floor below, which is used mainly for the erection 
of mechanical units, but is partly occupied by a first-aid 
de ent, millwrights’ shop, and a small printing 
plant for the production of various cards and forms 
required in the works. The correspondence office is 
also situated on this floor, while the general offices are 
on the first floor, which is, however, mainly used for 
the production of electrical equipment throughout. 
Practically all the plant n for the work is 
installed on this floor, only the Seesied machining 
being done in the machine shops above. For electric 
welding a motor-generator composed of machine frames 
similar to those used on the firm’s motor vehicles, 
but with special windings, is employed in this depart- 
ment. The main drawing office, in which about 24 
draughtsmen are employed, is also situated on this 
floor. 


A considerable portion of the ground floor, which 
is larger than the upper floors, is used for the erecting 
shops, which can accommodate about 40 chassis at 
atime. At the time of our visit 21 chassis were in the 
course of erection, and we were informed that these 
would be running on the road by the end of the present 
week. Most of these vehicles were of the petrol- 
electric type, but the firm also produce a 2}-ton gear- 

iven model which accounts for some 20 per cent. of 
their output. Frames constructed of pressings obtained 
from outside manufacturers are also built up in a shop 
on the ground floor equipped with five smith’s hearths 
and an electrically-driven pneumatic power hammer. 
Before delivery to the erecting shop the electrical 
equipments are carefully tested, and each engine is 
thoroughly run in and tested on the brake in a large 
and well-equipped test room. Air brakes and Froude 
hydraulic dynamometers are used for this purpose, and, 
in some cases, generators supplying power to the mains 
are used as a load for the engines. : 

The main power pee ty xml is obtained from 
the town mains in the form of alternating current at 
6,600 volts pressure. The energy is transformed by 
static transformers and motor generators into direct 
current and distributed throughout the works by the 
three-wire system, at a ure of 440 volts across the 
outers, Many of the tools are driven in groups by short 

of line shafting arranged across the shops on 

sides, leavingacentralgangway A separate motor 

drives each a of shafting, the motors being 
8 ded over central gangway. 

main stores are situated on the ground floor, 

and material is distributed from them to stock bins 


on each floor for use as uired. For distribution, 
1-ton ic trucks are the trucks being raised 
to the upper floors by means of electric lifts. One of 


these has a lifting capacity of 5 tons and is sufficiently 
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large to handle a 2}-ton chassis complete. Lubri- 
cating oil and cutting compounds are stored in tanks 
on the ground level and pumped up to the upper floors, 
and turnings and swarf from the machine tools are 
dumped through a vertical chute outside the building 
into a brickwork compartment built under the chute 
in the yard. 

In general it may be stated that considerable care 
and forethought has been exercised in laying out the 
works, which, although not designed for production 
on a colossal scale, are nevertheless of interest as an 
example of a modern plant intended to produce a 
high-class and rather complicated machine on econo- 
mical lines. With some of the firm’s more recent 
productions we hope to deal on a future occasion, but 
reference may here be made to a Tilling-Stevens petrol- 
electric fire engine with a detachable electrically-driven 
pumping unit, which was illustrated and described in 
our issue of February 6 last, on page 173. 





INDUSTRIAL NOTES. 

Tue verbatim report of the twenty-first annual 
general council meeting, held at i nm on 
July 1 and 2, states the following, under the heading 
“44-Hour Week”: Mr. Hill, secretary of the Boiler- 
makers and Iron and Steel Shipbuilders, said: 
eo % I have lately been in communication with 
one of the largest machine makers in this country, 
supplying this country and the trade all over the 
world. He welcomes the idea of the 44-hour week. 
The more the hours are shortened the more we shall 
introduce machinery, and we shall simply put our 
brains and ingenuity into this machinery in order to 
make it do a greater part of the work than we have 
been able to do when we have been working longer 
hours.”” (Here Mr. Crinion, Card and Blowing Room 
Operatives, Amalgamated, interposed: “If you can 
establish that you will find me a strong supporter 
of it.”) Mr. Hill, continuing, said: ‘‘ I know that in 
our own industry we have introduced machinery in 
the last few years which can double the output of 
any man’s work. We are wanting relief from laborious 
toil, and whilst we are willing to work long hours the 
employers will let us work them and will not spend good 
money on machinery and plant to relieve us a Sen 
This statement by Mr. Hill is welcome. We are 
afraid that many unions have in the past rather 
opposed than otherwise any development in the use 
of labour-saving machinery, 





The fifty-fifth annual general meeting of the Palmers 
Shipbuilding and Iron Company, Limited, was held 
at Newcastle-on-Tyne on Friday last, when the chair- 
man, Mr. G. Mure Ritchie, said: “ Referring to new 
tonnage, I emphasise that we as builders have viewed 
with regret the continued demands made by labour. 
Such demands, and the attitude of labour generally 
in reference to production, are also preparing the way 
for a position of very serious moment for the workmen 
inasmuch as they are only hastening the return of 
those lean times which they, not less than ourselves, 
dread, and in which we shall all suffer. Shipowners 
generally have ceased to place orders. Some, indeed, 
have already cancelled contracts, and we are beginning 
now to hear of empty berths in shipbuilding centres. 
I have every confidence that, given a fair chance, 
we can maintain our premier position as a shipbuilding 
and shipowning nation, but it is idle to disguise from 
ourselves the fact that we may, by a fatuous policy, 
destroy that position and allow other countries to take 
orders British shipbuilders might have had, and freight 
British shipowners might have carried. I commend 
to British workmen the example of Belgium, which has 
long since settled down to steady work, and I believe 
that the most important districts of Germany— 
notwithstanding frequent inspired statements to the 
contrary—have also settled down with intense energy 
to industrial output. I would fain believe that labour 
as a whole desires to establish fair and equitable 
conditions. This aspiration I know is shared by the 
employers, as is witnessed by the manner in which 
they have endeavoured to meet the claims of labour. 
As regards the industrial future, almost everything 
depends upon the labour position. I have insisted 
before at these meetings upon the imperative necessity 
of Capital and Labour working amicably in their 
common interests, and I would again say that no 
good can come to either without such an ing. 
I am convinced there is ample work in Britain for 
years to come, and that there need be no unemploy- 
ment of any willing to do an honest day’s oak for 
good pay, but the ca’ canny policy of many trade 
union leaders, and the coal miners in particular, is 
destroying credit and killing enterprise, and unless 
changed can bring only disaster on the country and 
ruin to the workers.” 





Speaking at the fifty-sixth annual meeting of the 
Paar rh Coal & Iron Company, Limited, held in 
Sheffield, last Monday, the chairman, Lord 





said, as regards coal output, the figures of the com 
were very significant. The total output for 7 ye. 
before the war per man working at the face was 755 
tons; in 1919, after the war, the total output per man 
was only 668 tons. That was a falling off of one-sixth ; 
but when they came to the present year—1920—the 
output was only 561 tons, or something like 24 per cent. 
less than it was before the war. That was entirely an 
affair of the men at the face. It was a remarkable thing 
that the output during the last twelve months, which, 
as he had shown, dropped off so seriously, was accom- 
pariied by a rise in wages of very nearly ls. That 
entirely bore out the argument which Sir Robert Horne 
and the Prime Minister urged during the recent dis- 
cussions, and what was true of Sheepbridge was, to his 
knowledge, true of nearly every other colliery in the 
country. i! must not forget that they were very 
nearly 50 million tons short of pre-war production. 
That affected the country in every possible way. It 
affected their foreign trade f supplies, because 
every ship that used to take coal out to the Argentine 
and various parts of the world, brought back food- 
stuffs and raw materials, and the freight for the double 
voyage was not greater than the single voyage home 
now, with the result that the country got its food and 
raw materials at a much cheaper rate than it could 
get them to-day with no coal being sent abroad to 
relieve the situation. That, of course, affected the 
cost of living for the poorer classes. It restricted the 
output of ships, and that restricted the output of steel, 
and that, in turn, restricted the output of iron. The 
whole thing worked back to the output of coal in the 
home collieries, and that, he hoped, had now been 
understood by the leaders of the miners, and he hoped 
they would try and pull ther with the coalowners, 
not merely for the sake of higher profits tor anybody, 
or for the sake of higher wages, but for the sake of the 
trade of the country as a whole. 





During the time that the railroads were in the hands 
of the Government, says The Iron Age, New York, 
the efficiency of the workman steadily decreased, and 
because of the resulting decrease in uction in 
spite of large increases in wages some of the railroads 
are looking for a reimbursement from the Government 
for the loss brought about thereby. The Kansas City, 
Southern Railroad, for instance, has prepared a brief, 
in which it sets forth the fact that while wages per 
hour have in some instances increased 100 per cent. or 
more, the amount of work accomplished in an hour 
has decreased more than 25 per cent. As examples, 
it is stated that the job of disconnecting a firebox from 
its boiler, which took 25 hours before the Government 
took control, now takes 36 hours; for flanging sheets, 
the time has increased from 75 hours to 104 hours; and 
threading staybolts and drilling tell-tale holes from 
92 hours to 130 hours. In this brief the Kansas City 
Southern asks that in fixing the amount of maintenance 
funds to be paid the railroad, the Government take 
into consideration “ not only the increase in the amount 
of the wage unit over the amount of the wage unit in 
operation for the three- period prior to June 30, 
1917, but the decrease in the amount of labour pro- 
ductivity the increased wage unit will purchase at 
present and has purchased since the Government took 
over the railroads as compared with the amount of 
labour uction purchasable with the smaller wage 
unit before the Government took over the rail lines.” 
It is figured that if a favourable ruling regarding this 
contention were put into effect, more than one billion 
dollars additional would have to be paid out by the 
Government to the railroads. 





The Industrial League and Council, realising the 
importance of pringing as much light as. possible to 
bear on the subject of unemployment, devoted last 
week-end to its consideration. A number of prominent 
representatives of labour and employers the 
invitation of Mr. H. V. Roe to spend the week-end 
with him at Givons-grove, Leatherhead, in order to 
discuss the problem. The disoussion was opened by 
Mr. H. V. Roe, who read a paper on “ Unemployment 
and Bankruptcy, the Spurs to ” Every issue 
involving unemployment that could be thought of 
was introduced and debated from the point view 
of the employee as well as from that of the employer 

tatives in attendance—and the conclusions 
ich ol rom re come o ved afte ana this 
conference of em — and emp r thoroughly 
discussing Mr. zy. . Roe’s paper are of opinion that : 
(1) Each industry should form a Joint Industrial 
Council of employers and employed at which all the 
incidents of unemployment should be thoroughly and 
scientifically investigated. (2) Each industry should 
decide whether it is possible for the ind to main- 
tain and supervise its own unempl (3) The 
representatives of all the Joint Councils 
should then meet and consider whether unemployment 
psi ag aa Maal cece Baath Ra hago 
as & 





A conference was held at 10, Downing-street, last 
Friday, between the Prime Minister, Cabinet Ministers 
and members of the Executive of the Miners’ Federa- 
tion of Great Britain, following which the latter 
decided in favour of ding the strike notices 
for one week and of meeting the mine owners in the 
meantime, in order to discuss matters with them. The 
discussion with the mine owners was to bear on a 
“datum line” of output as proposed by the Prime 
Minister, as follows :— 


For an output of z tons the wages would be 
Maend by ls. per shift ; 
For z + y tons they would be increased by 


28. 5 
And for z + y + z tons they would be in- 
creased by 3. per shift. 
tatives of the mine owners and of the 
miners have held joint meetings at the Board of Trade 
since Saturday last, when Mr. Evan Williams, president 
of the Mining Association of Great Britain was 


a) ted chairman, and Mr. Robert Smillie vice- 
to. 





After the meeting on Wednesday last it was an- 
nounced that the mineowners and the miners’ repre- 
sentatives had failed to arrive at an snteisenting 
on the question of wages based upon output. The 
mineowners proposed that 240,000,000 tons be 
as a “datum line.” It is “eer thet the miners 
declined to make this a basis of discussion and insisted 
upon the granting of their original demand for an 
increase of 2s. per shift. 

ings of the miners’ delegates are being held to 
consider the situation. 





Mr. J. Hammond, a well-known accountant of 
Cardiff, states that the average daily output of coal 
for each person employed for the four weeks ended 
June 21, 1919, in comparison with the four weeks 
ended June 19, 1920, works out for the earlier period 
at 15 ewt. 1 qr. 6 lb., and for this year at 14 owt, 2 qr. 
18 Ib., a decrease of 2 qr. 16 lb. It is true that the 
Sankey award of a seven hours days comes into this 
year’s return, but it was puammetell os the time that 
‘the result would, owing to conservation of energy, 
be an increase of output.” But the mischievous 
effects of falling output are deeper seated, and cover 
a much longer period of time than the Sankey award. 
Mr. Hammond adds the following :—‘ It is usually 
considered in normal times that the average output 
should be equivalent to one ton a day for each person 
employed (surface and unde ) and therefore the 
low a of 15 ewt. 1 qr. 16 Ib. for 1919, and of 
14 cwt. 2 qr. 18 lb. for 1920, cannot but indicate 
very forcibly that the men are not working 
earnestly, or —— best to help the country by 
producing as much coal as ible to barter for food 
and raw materials, and so long as they continue to 
restrict the output, high prices will be maintained to 
the detriment of rich and poor alike. Our export of 
coal is now only 40 per cent. of what it was before 
the war. Collieries should strain every nerve to 
increase the output, and to recover our trade while 
prices are in our favour. It will be too late to cry 
out when the Americans have captured our foreign 
markets.” 





Grass Works rn Czecno-SLtovakia.—-From a United 
States Commission report of June last we see that the 
156 glass works of Czecho-Slovakia depend mainl 
on coal as fuel ; 15 worked with wood fuel alone, 21 wi 
both wood and coal. In addition to these works there 
are about 3,500 firms and homesteads in which _ - 
manufactured _ products are finished. The tle. 
makers are said to be working at 35 per cent. of their 
pre-war capacity, and the dayngh me works at 75 per cent. 
of that capacity, but with an ample supply of coal it is 
hoped to raise the capacity, to 


per cent. above the 
pre-war figure. 





Tue Arr Conrerence, 1920.—The Air Conference 
called by the Air Council will be held in the Guildhall, 
London, on the 12th, 13th and 14th instant. The first 
day will be devoted to civil aviation, lectures on this 
subject being delivered by Major-General Sir F. H. Sykes 
and Mr. H. ite Smith, in the m and afternoon, 
respectively. On the second day, technical aviation will 
be dealt with, a lecture on Aircraft Research being 
delivered by Air Vice-Marshal Sir E. L. Ellington in 
the morning, after which a visit will be paid to 
Croydon Aerodrome. Later, after the members of 
Conference return from Croydon, a lecture by Capt. 
Barnwell, on the technical as of aviation, wil 
delivered at the Guildhall. subjects for 
day of the Conference will be Service Aviat 

i lecture on the former being delivered 
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1.750 K.V.A. SLOW-SPEED ALTERNATOR. 


CONSTRUCTED BY THE GENERAL ELECTRIC COMPANY,| LIMITED, ENGINEERS, LONDON. 
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A sLOw-SPEED three-phase alternator, embodying 
many interesting features has recently been manu- 
factured at the Witton Works of the General Electric 
Company, Limited. The machine in question was 
constructed to the order of the St. John Del Rey 
Mining Company in South America, and as its ultimate 
destination was at a site on the other side of the Andes 
where the difficulties of transport were very great, 
it was necessary to design it specially to suit the 
conditions. The mechanical design was, in fact, 
governed throughout by questions of transport and 
erection, and it was not permissible for any single piece 
to exceed 5 tons in weight. Hence the stator had to 
be constructed in four sections, and the rotor built up 
with a separate rim consisting of four steel rings ke 
find bolted to the outer ends of the arms. Very 
complete electrical tests were carried out on the 
machine before despatch, and these by the courtes 
of the General Electric Company we are able to publish 
together with the description of ‘the alternator. 

The rated capacity of the machine was 1,400 kw. at 
full load, with a power factor of 80 per cent. The 
terminal pressure was 5,200 volts between phases, 
and the frequency 50 cycles per second at a speed of 





187-5 r.p.m. The line drawings, Figs. 1 and 2, on the 
present and opposite 8, make the general construc- 
tion clear, while details of the stator, rotor, field coils 
and bedplate are given in Figs. 3 to 12. The general 
appearance of the alternator will be seen in Fig. 22, 
page 444, which shows it erected on its own steel bed- 
plate in the testing bay of the Witton Works, while 
the assembled rotor and parts of the stator are shown 
in Figs. 19 to 21, on the same page. 

The stator frame is, as has already been mentioned, 
built up of four quadrantal cast-iron segments registered 
together by keys and bolted together at each joint, not 
bea at the flanges but by pairs of long additional 
bolts which ensure a bearing pressure across the whole 
of the joint faces and thus eliminate the possibility of 
vibration or distortion of the frame. Figs. 1, 20 and 21 
render the stator construction clear. © rotor con- 
sists of a cast-iron spider having a rim comprised of 
four cast-steel rings. The two inner rings are fastened 
to the spider arms by set screws and secured by taper 
keys driven in from opposite sides, The set screws have 

spring washers under their heads, and the divid- 
ing e between each pair of folding wedges is radial 
to the wheel, so that any strains due to centrifugal force 
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shall not loosen the connection. The poles, which are 
built up of steel laminations, are dovetailed into the 
central pair of rings and held by taper keys. The outer 
pair of rings are spigotted to the inner pair and held 
to them by set screws in addition. The function of 
these outer rings is to furnish the necessary weight of 
rim to produce the required flywheel effect, namely, 
1,420 ton-ft. The very solid construction of the 
assembled rim is well shown in Fig. 19. 

The field coils, shown in detail in Figs. 3 to 6, are 
wound with copper strip on edge with insulating strip 
between adjacent turns. They are then secured be- 
tween gun-metal clamping plates. Each complete coil 
is rigidly fixed to toncbote earried on the side plates of 
the poles by set screws which pass right through to the 
rim of the wheel and thus prevent lateral movement. 
A damping winding is secured to the pole pieces by 
copper rivets. Each section is linked to corre- 
sponding section on the next pole, thus forming a 
continuous ring around the system. 

As the alternator was required to supply current 
through a 30,000-volt transmission line, a true sine 
wave form of the voltage, free from ripples, was of 
great importance. The stator winding had to be 
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insulated with seamless mica tubes on account of the 
high generating voltage, and for this reason, as well as 
to facilitate repairs on site, the stator had to be con- 
structed with open slots. With such slots there is 
always a danger of tooth-ripples in the voltage curve, 
and to avoid this the machine in question was built 
with more than twice as many slots as stator coils, 
a few of the slots being left without winding. Two of 
these unwound slots can be seen in Fig. 20. By correctly 
determining the number of the unwound slots and by 
care in designing the form of the pole shoes, a perfectly 
pure and geile sine form of the voltage was 
obtained, as will be seen front Fig. 13, which is repro- 
duced from an oscillograph record taken during the 
factory test. 

As the alternator had to be shipped abroad it was 
very necessary that the most complete tests should 
be undertaken before it left the works in order that no 
question as to its performance or fulfilment of guaran- 
tees should arise later. It was destined to be driven 

a water turbine, and as large temporary increases 
of the normal speed had to be allowed for, the alternator 
was run at an overspeed of 80 per cent. for 15 minutes 
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to prove the mechanical strength of the rotor con- 
struction. Weakness of any kind would, of course, 
be shown by this test, which increased the centrifugal 
stresses in the rotor to 324 per cent. of their normal 
value. The x we of a pure and rippleless wave 
form of the voltage has already been alluded to, and 
Tie attainment of this requirement is demonstrated by 
ig. 13 


The ordinary Hopkinson test could not be under- 
taken as only one machine was available, nevertheless 
it was found possible so to operate the alternator that 
tests could be carried out, with full voltage and full 
load current on the windings, and with losses corre- 
sponding to full load conditions. The test was based 
upon the following principle. 

If a yo alternator is mesh connected, full 
voltage can induced in each of the three phases 
without any current flowing in the mesh circuit, as the 
voltages balance themselves. If now the connection 
between two of the phases is opened and a small 
single-phase alternator mounted on the same shaft be 


inserted, a current can be circulated through the mesh. 
The ment is shown diagrammatically in Fig. 14, 
in which the single-phase alternator is designated 


v A.” The voltage required to send this current 
t the stator windings depends solely upon the 
im of the latter, and as the resistance is small 
as compared with the reactance, the voltage required 
may be taken without sensible error, as the sum of the 
reactance voltage of the three phases, and is equal to 
3¢az. Moreover, the forces of the 
currents in the three will practically neutralise 
one another so that armature reaction on the field 








due to the stator current is small. The field excitation 
of the alternator is therefore but little affected by the 
introduction of the circulating current, and although 
the current flowing in the stator windings is a single- 
phase current, no field fluctuations with their corre- 
sponding losses in poles and damping windings occur. 
Instead of inserting a single-phase alternator to 
supply the circulating current, this may be obtained 
from the machine itself by cutting out or reversing a 
number of coils in one of the phases. In Fig, 15 a 
few coils marked B are reversed in one phase, with 
the result that the balance of the voltages induced 
in the three phases is thereby disturbed, and a current 
will flow in the mesh circuit having a magnitude 
depending upon the number of coils reversed. The 
machine, therefore, can be excited so as to give full 
voltage, and at the same time, by reversal of the correct 
number of stator coils, full load current can be obtained 
in the stator, thus reproducing running conditions. 
In a machine having 10 per cent. reactance voltage per 
phase, the number of coils to be reversed amounts to 
15 per cent. of the total coils of one phase, neglecting the 
armature reaction of the reversed coils. To allow for 
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this the number of coils to be reversed should be some 
20 per cent. greater than the above figure. 

By adopting the method indicated, namely, the 
reversal of a certain number of the coils in one phase 
of the stator, the alternator under discussion was tested 
under, what were for all practical purposes, full load 
conditions, before it left the works of the General 
Electric Company, Limited. The temperature curves 
obtained on the full load run were as shown in Fig. 16. 
The efficient ventilation of the machine is shown by the 
fact that after about 4 hours’ run the maximum 
temperature is reached. The temperature rise of the 
stator coils was lower on the exciter end of the machine 
than on the other end on account of the fan action of 
the connections between the field coils. 

The efficiency of the generator was determined by 
measuring the various losses separately, and the result 
was checked by the power required to drive the machine 
when connected to imitate load conditions. Fig. 17 
shows the windage losses and iron losses obtained by 
measuring the energy taken by a direct-current motor 
et the alternator, first when the latter was un- 
excited and then at various degrees of excitation. The 
current losses in the stator were obtained by measuring 
the watt-consumption of the stator wi with 
50-cycle current, before the rotor was inserted. The 
loss with the full-load current of 195 amperes was 
28 kw., and the losses, naturally, varied proportionally 
to the square of the current. 

During the temperature test, the power required to 
drive the generator was 78 kw. The terminal voltage 


emu 





was 2,700 volts mesh connected and the current 
200 amperes. The corresponding no-load voltage, 
allowing for reactance drop and star connection, is 
4,950 volts, The iron and friction losses for this 
voltage are shown in Fig. 17 to be 49 kw. The current 
losses at 200 amperes are 29-4 kw., and the sum of 
these two losses compares extremely well with the 
total of 78 kw. required to drive the machine. 

The following table gives the losses at various loads 
and the corresponding efficiencies at the full terminal 
pressure of 5,200 volts. 


Efficiencies at 5,200 Volts, 80 per Cent Power Factor. 


Full } } 
Load. Load. Load. 

Iron losses, wind- Kw. Kw. Kw. 
age and friction 55-0 54-0 530 


Statorcurrentlosses 28 0 16-0 7-0 

Rotor current losses 18-0 15-0 12-0 

Total losses 101-0 85-0 72-0 
Per Cent. Per Cent. Per Cent. 

Efficiency (actual) 93-3 92-5 90-7 

»» (guaranteed) 93-0 91-5 89-5 


Curves illustrating the results of tests of the no-load 
and short-circuit characteristics of the machine are 
reproduced in Fig. 18. The reactance voltage with full- 
load current of 195 amperes was found to be 316 volts 
per phase. To obtain this voltage on no load an 
excitation of 1,400 ampere-turns is required per pole. 
The excitation for 195 amperes on short circuit is 
7,600 ampere turns. The armature reaction with full 
load current is the difference of these figures, namely 
6,200 ampere turns. These test results give a reliable 
basis for the calculation of the full-load excitation 
and of the regulation of the machine. The regulation on 
full load at 80 per cent. power factor is 20 per cent., 
and on full non-inductive load is 8 per cent. 

The machine altogether is an excellent example of 
designing to meet difficult conditions, and its per- 
formance is highly creditable to its makers, especially 
in view of the constraint imposed upon the electrical 
design by the mechanical requirements which had to be 
met. The enterprise of the General Electric Company 
in this and other instances with regard to securing the 
position of British machinery in foreign markets which 
were too long abandoned to German manufacturers is 
also to be commended. 





British Curtery Resrarcu.—tThe sec of the 
Department of Scientific and Industrial earch 
announces that a licence, under Section 20 of the Com- 
— (Consolidation) Act, 1908, has been issued by the 

of Trade to the British Cutlery Research Associa- 
tion which has been approved by the department as 
complying with the conditions laid down in the Govern- 
ment scheme for the encouragement of industrial 
research. The secretary of this association is Mr. J. M. 
Denton, P.O. Box 49, Sheffield. 





THe LATE Dr. Hovtpreicnh Ketter.—Huldreich 
Keller, chief of the patent department of Messrs. Escher 
Wyss and Co., at Ziirich, died suddenly on September 7, 
while in conference with his fellow managers. Born 
at Arbon, on the Lake of Constance, Switzerland, in 
1868, as son of a blacksmith, he did not join the Federal 
Technical High School till he had passed his twenty-first 
birthday, because his mother had wished him to become 
a clergyman. At the college he subsequently became 
assistant to Professor Stodola. He then joined the firm 
of Escher Wyss, and went afterwards to the Allgemeine 
Elektrizitits Gesellschaft, at Berlin, where the design 
of continuous-current dynamos first occupied him ; 
later he conducted the trials of steam turbines, com- 

ors and Cope pumps which he helped to 
improve. By 1909 he was back ta his first firm. His 
de as doctor of technical science was conferred on him 
in 1912 for his researches on the calculation of curved 
plates. Keller was a kindly man of wide sympathies, 
and most popular with his fellow members of the Council 
of the Pe Engineer and Architects Association, 
and with all who knew him. 





THE Lonpon [Ron AnD Steet ExcuanGe, LIMIrep. 
—tThe relief experienced in the iron and steel trades 
at the suspension of the coal strike was reflected in the 
more optimistic spirit which characterised the weekly 
meeting of the London Iron and Steel Exchange on 
Tuesday last. Even if matters go well now it will be 
some time before the market recovers from the loss of 
confidence caused, but it would not be surprising if during 
coming weeks an improvement took place in the 
volume of orders released. Buying in the home market 
is reported to have improved somewhat. Difficulties 
connected with finance are holding up a great deal of 
business, and at the moment there seems little prospect 
of any easing of the situation in this direction. Similar 
difficulties are largely responsible for the slump in 
export trade, and im this department foreign buyers 
complain of the high British prices which compare un- 
favourably with the quotations of Continental producers. 
A halt, however, seems to have taken place in the under- 
cutting which has been a feature of Continental sales 
during the past few weeks, and it is not unlikely that 
manufacturers ‘on the Continent are becoming alarmed 
at the de ion in prices resulting from competition 
amongst themselves. 
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NOTES FROM SOUTH YORKSHIRE. 


on the men’s side, and he was 
speak for the owners in sayi 
the leaders of the Miners 
feeling towards them. 
that 


men 
difficulty 
of w 
country, 
men who had this matter in hand would be able to come 
to some satisfactory jusion. 

Rolling Stock for Siam.—Prince Purachatra, Com- 
missioner-General of the State Railways of Siam, to-day 
concluded a tour of inspection of the principal 
concerned in the ete Revel rolling-stock and road- 
making machinery. is i ’s visit was 
made Sith the object of noting the latest developments 
in engineering practice with a view to 2 mgr a extensive 
orders. “We are making considera develo: te 
in Siam,” he stated, “‘ constructing new lines, and trying 
to improve the transport facilities of the country.” 

Iron and Steel.—Pending a satisfactory development 
in the coal trade position, little can be made 
in the movement to ag eernyet ices for quota- 
tions res ing materials, tools engineering ucts 
non Current business pre 


required by overseas buyers. 
fore largely limited to immediate requirements. The 
dearth of castings is still an feature of the 


heavy sections, and though activity may shrink during 
the Vinter taomtna in aouee of the Oniahed branche, Sep 
big foundries are likely to remain well employed on 
extensive arrears. ilway steel departments are fully 
occupied with contract bookings. A heavy tonnage of 
axles, springs, tyres and tubes is going away to the 
Colonies. re is no actual rush for tramway steel, 
though many of the provincial corporations are in the 
market for track work and points and crossings. 
The decline in sales of ep sag ———, is 
severely felt among local steel makers, a ye ae 
of whose output hitherto been Pte 3. this 
Business in tool steel, crucible and 
electric steel is distinctly dull. Scores of lathes are 
idle. Makers of files and saws do not exhibit anxiety 
respecting the shri in current inquiries. They are 
cocidenh thes dee dedine aa tea a nature, 
and that a return will be made to full activity as soon as 
the air is cleared in regard to labour demands. The call 
for agricultural implements and machinery parts, 
joiners’ tools and sheep shears, keeps fairly level with 
the gross output. More orders are being placed locally 
for the cheaper grades of steel now that prices have 
deflated. There is a heavy run on acid steel and bar 
iron. Pig-iron supplies are coming through steadily, 
though not in large quantities. 

South Yorkshire Coal Trade.—Deficiency in output is 
felt more acutely than ever now that the collieries are 
holding back stocks to ensure the working of pumping 
engines and ventilation ow in case of a sto} 
Works are unable to obtain full tonnages. way 
companies seem to be faring rather more fortunately. 
caiput et gee Rede going island vo means anemmpieealig 
output is gi to meet an e: 
brisk call.” Activity in the house coal section is eaeewe f 
Quotations :—Best branch handpicked, 378. 2d. to 
38s. 2d.; Barnsley best Silkstone, 37s. 2d. to 37s. 8d. ; 


Derbyshire best brights, 35s. 2d. to 36s. 2d. ; mg a 
house coal, 328. 8d. to 338. 2d.; best large nuts, 8d. 


industry. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.iesBroves, Wednesday. 
The Cleveland Iron Trade.—Business in Cleveland 
ty continues on only « very limited scale. ——~: 
nd is once more exceedingly scarce. This qualit 
ee for shipment abroed, and the ihely 


ean spare for 


s 


few new features of moment. 

plentiful, and on the other hand 
inquiries are on only a moderate seale so that the amount 
of business passing is small. 
over the next month or two, 
much iron at immediate command, th 
have considerable quantities to take up. For home 


. | steadily 





consumption, Nos. 1, 2 and 3 East Coast brands are 

260s., and No. 1 is 262s. 6d.; whilst for shipment to 

France, Belgium and Italy, mixed Nos. are 265s. and 

No. 1 is 267s. 6d. ; and for despatch to other destinations 
Nos. have been sold at 280s, and 


Coke.—Coke keeps scarce and very . Deliveries 
to some of the local blast furnaces recently have been 
barely sufficient to meet essential needs. Average blast- 
furnace kind is 62s. 9d. at the ovens, and quality low in 
phosphorus is 65s. 3d. at the ovens. 


Manufactured Iron and Steel.—in the finished iron 
and steel industries new orders are difficult to secure 








ees Seeeery tes) eis, end queens See 
Lake ~~ Sapa Steed cnt 
ever, y em on orders on not- 
ith if ong im 
which is causi ae Gee concent an 
hope that this ict will continue to secure its fair 
Cones of work —_ world’s markets. works are 
to keep fully going owing to contin 
fuel supply. Saattiite tuations axe SUN 
321. ; ae, cae ie og oa bars, 24/. ; - 
ship, bridge tan tes, 0s. ; steel angles, 24!. ; 
steel eee Paar 31l.; steel joists, 241; oc! 
and flats, 241. 5s. ; ds and squares, 261. 10s.; soft 
steel billets, 23/7. 10s.; hard steel billets, 25/. 10s. ; 
heavy sections of steel rails, 25/.; fish plates, 301. ; 
black sheets, 36/.; and corru 
401. 
NOTES FROM THE NORTH. 


Guascow, Wednesday. 
Scotch Steel Trade.—The past week has not shown 
buyers as being any more desirous of entering the market 
yet awhile, until things assume a more normal state 
no buying movement of any consequence is 
trade is somewhat unsettled owing to the labour 
unrest, but the postponement of the mimers’ strike for 
another week in the attempt to reach a satisfactory 
agreement and thereby bridge the differences prevailing 
in the coal industry, 
a strike will be averted even at the eleventh hour. 
Meantime all the steel works are fully employed and the 
ee ee Se Sees one 2 ood GE a aoe 
meet immediate 


that does not seem to be sufficient to 

at the various shipyards and boiler shops. Sectional 
material is far from active and producers would welcome 
an increase in demand. Quite recently the rule was that 
orders for plates and angles combined were more accept - 
Se en a a plant could be kept 
steady, y angles were frequently o 

Bot actually required. The result is that stocks of 
these are now held consumers, and the demand is 
exceedingly poor. kers of steel sheets are still 
active, but chiefly for the heavier gauges, as business in 
the lighter qualities has slackened off. Order books are 
well and a steady run is assured for some time yet, 
but competition from the south is being felt, owing to 
the fact that some of the fresh business on offer is being 
secured by English makers. Prices all round are without 
The export trade is still on # small scale, but 


gradually =" the p 
Sane ee this of the steel industry would 
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Malleable Iron Trade.—The West of Scotland malleable 
iron makers are actively engaged with contracts on hand, 
and their output is being quickly pe ae of, largely 
on account. Export lots are claiming the 
attention of producers, but the prices quoted are just 

trifle high for the foreign consumer. When the 
home demand eases off a bit it is then that the export 
be shaded, but that is barely necessary 


Scotch Iron Trade.—A strong tone prevails in the 
Gest pigteen anther anh the avnlasle aleaiy otlh fale 
below the actual requirements. F 
are 


are more 


I have examined the 
t, 1920, and IT 
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NOTICES OF MEETINGS. 


Tae InstrrvTIonN or Barrish FounpryYMen (LANCA- 

‘ wy Tech ology SManchosts ew. EL 
ni 4 iter, ss A . 

Meadoweroft will deliver his presidential address. 


Tae Socrery or Enorveers.—Monday, 
at 5.30 p.m., in the 
House, 


of Clay,” ; 
B.Sc.(Eng.), A.C.G.I., M.Cons.E., A.M.I.C.E., M.R.8.L1., 
will be introduced by eee nd then dlncnaned. 
ieutenant-Colonel ‘ , M.C.E., 
pa ay Prom and Vertical Pressure Effest of Piles 
in Clay,” will be also read and discussed. 


Tue Braprorp Enemesrma Socrery.—Monday, 
October 4, at 7.30 p.m., Lecture for session 
1920-21 in the hall of the ord Technical College. 
Mr, Everitt, of Sheffield, on ‘ Steel-Making 
Processes,” with cinematograph illustrations. 
Instrrotion or AvToMoBILE ENGINEERS.— 
Wednesday, October 6, at 7.30 p.m., meeting of members 

wen i Patorn district, at Talbot Hotel, Wolver- 

when Mr. Cyril Williams 4 ag of cate 
read a on “ The ing Motor 

cities Vonnaiees who are interested 

be to attend this ti 
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THE MACHINE TOOL AND ENGINEERING EXHIBITION. 


(For Description, see Page 430.) 





























Fics. 196 AND 197. Twist Dritt Groovine Macuine; Messrs. JonN Hotroyp anp Co., Lrp. 


























Fic. 198. Verrry Patent Automatic ScREw MAcuHINE ; Fic. 199. Turez-Operation AuTOMATIC MACHINE ; Messrs. THE TIMBRELL 
Messrs. THos. Wuire anp Sons, Lrp., PaIsLey. AND Wricut Macatne Toot aNnp Enocryegrine Co., Lrp. 





(To face page 430.) 
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THE MACHINE TOOL AND ENGINEERING EXHIBITION. 


(For Description, see Page 430.) 





Fic. 200. Front View or Automatic TuRNING MACHINE: 
Messrs. JOSEPH PETERMANN. 

















Fig. 202, CamMsuart oF PETERMANN AUTOMATIC. 














Fic. 204. Drittine aNp Tapprnc ATTACHMENT OF PETERMANN AUTOMATIC. 








Fic. 





201. Back View or Automatic TuRNING MACHINE; 


Messrs. JOSEPH PETERMANN. 








Fia. 








203. Toot-HOLDERS OF PETERMANN AUTOMATIC. 











Fie. 205. 





Heapstock Cam CONTROL OF PETERMANN AUTOMATIC. 





(To face page 431.) 
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7,500-H.P. QUADRUPLE-EXPANSION ENGINEs F 


CONSTRUCTED BY MESSRS. CAIRD ANp co. L 


(For Description, see 
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INES FOR THE P. AND O. LINER “NALDERA.” 


D AND co, LIMITED, ENGINEERS, GREENOCK, N.B. 


Description, see Page 453.) 
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PLATE LVI. 


THE MACHINE TOOL AND ENGINEERING EXHIBITION. 


(For Description, see Page 430.) 
































Fics. 206 aNp 207. Front anp Back View or Automatic Screw Macurye; Messrs. Toomas Wuire & Sons, Lrp., Patstey. 


























Fic. 208. SpeEEpD AND FEED ContTROL or WHITE Fic. 209. 


é-Ix. Capstan Latue; Messrs. Toe TiMprett ann Wricut 
AUTOMATIC. 


MACHINE TOOL AND ENGINEERING Co., Lrp. 























Fic. 210. 8}-In. Att-GeareD AMERICAN Tyre Latue; Messrs. THE Fic. 211. Speep Gear Box or American Type Latue ; 
COLCHESTER LATHE COMPANY. Messrs. THE CoLcuEestTerR LatHe Company. 





(To face page 432.) 





























PLATE LVII. ENGINEERING, Octoser 1, 1920, 








THE MACHINE TOOL AND ENGINEERING EXHIBITION. | 


(For Description, see Page 430.) 






Fig. 218. 
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SCIENTIFIC AND INDUSTRIAL 
RESEARCH. 

Wuewn the Committee of the Privy Council for 
Scientific and Industrial Research was established 
in 1915, the unusual step was taken of endowing it 
outright with a capital of one million sterling, so 
that the procedure of the expert advisers appointed 
should not be hampered by the necessity of justifying 
annually the expenditure proposed for each ensuing 
financial year. In the report just issued of the pro- 
ceedings of this Committee,* it is stated that this 
policy has been amply justified by experience, as it 
is quite impossible to forecast satisfactorily in what 
direction funds may be needed. To a large extent 
this is controlled by trade conditions, since the 
general policy of the Committee is to support by 
grants-in-aid researches undertaken by associations 
formed by the industries directly concerned. In 
hard times, manufacturers’ subscriptions will 
naturally tend to fall off, in which cases grants-in-aid 
will also be correspondingly reduced. Moreover, in 
other departments of the Committee’s work, it 
would be impossible to justify to Parliament, year 
by year, investigations of the more fundamental 
type. The word research, in short, covers inquiries 
differing greatly in quality. Most so- -called research 
is of the type which can be carried out by what 
Huxley called scientific hodmen, calling for nothing 
but care and intelligence on the part of the 
experimenter. In such cases a clear and definite 
programme can be drawn up and carried out 
in any well-equipped laboratory, since it is the 
apparatus and not the man which is of prime con- 
sequence. In investigations of fundamental import- 
ance, however, this is far from being the case. The 
really original thinker has at the outset no clearly- 
defined mark or aim. In fact, when he has worked 
long enough to be capable of clearly defining his 
problem, the latter is thereby half solved, but until 
this degree of success has been attained, his views, 
as the report says, “may appear hopeless and 





449 | fantastic to the majority of intelligent people.” In 


this connection, it may be noted that the original 
partners of Sir Charles Parsons broke with him 


451! because he refused to abandon his attempt to 


practicalise the steam turbine. Out of this wren 
declared he would never make one copper penn 

of profit. There is not the slightest doubt that had 
Sir Charles been dependent on the support of any 


452 | organisation of engineers, or on a State department, 


his compound steam turbine would have been 
stillborn. 

In view of past experience of this kind, the Com- 
mittee do not restrict their grants-in-aid to industrial 
research associations, but make also grants free of all 
conditions to men engaged in extending our scientific 
knowledge. These workers are appointed on the re- 
commendation of university professors, and although 
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tai the naveds of things only! Siw-will peoverinda Of 
genius and insight, the residue will constitutea corps 
of useful hodmen who are needed for routine work 
at our universities and for organised attacks on the 
more or less clearly conceived problems awaiting 
solution by our industries or by the various Depart- 


| ments of State. This latter class of scientific worker 


has always been plentiful in Germany and scanty 
here. In this connection the report contains some 
observations which do not seem entirely warranted 
by the actual facts of the case. It observes that 
“One of the obvious lessons of the war for peoples 
like our own, whose organisation is weak, was that 
rapid progress in the use of science with a view to 
defence or to increased uction is not to be 
expected in any country which depends simply on 
the undirected genius of its .”” Historically, 
we believe this statement to be untrue, and, in fact, 
the next paragraph of the report refers to the 

rapidity’ with which we made 
scientific developments during the war. As instances, 
we may note the production of Seger cones and 
chemical . glassware and porcelain within a few 
months of the cessation of the German supplies, 
and the rapidity with which we overtook the enemy 
in chemical warfare developments. Thus the 
“‘ mustard gas” was made in Germany up till near 
the very end of the war by most imperfect and 
inefficient processes, whilst our own chemists worked 
out and practicalised most highly-efficient methods 
of manufacture within a few months. In all these 
cases the work was of a novel character, and was 
accordingly not hampered by pre-existing organi 
sations, which tend to become staffed with “ safe ” “safe 
men, at times of much erudition, but seldom en- 
dowed with insight. What we did suffer from was 
not the lack of a long established scientific 
organisation, which might well have proved as 
inert and unimaginative as the boards of Generals 
which condemned the tank and obstructed the 
adoption of the Stokes’: mortar, but the want 
of chemical factories, so that after our chemists 
had solved their problems in the laboratory, we had 
then to build the works at which the new products 
were to be made, whilst in Germany the existing 
dye works, &c., stood ready to hand, It became 
necessary indeed to proceed with the manufacture 
of mustard gas before the factories were fully 
complete, and a considerable number of casualties 
resulted accordingly though, fortunately, only three 
proved fatal. 

Of course, the necessity for getting the necessary 
scientific work done during the war denuded our 
universities of a large proportion of their trained 
men, and many of these, in view of the relative 
smallness of the salaries at present the rule for 
teachers and demonstrators, have not returned to 
their original employments. Moreover, the unpre- 
cedented crowd of science students which flocked 
to our universities at the end of the war, have made 
it necessary to take over for teaching purposes, many 
laboratories previously devoted to yore § and as 
a consequence, many of the industrial research asso- 
ciations which had expected to work largely thro 
local universities and colleges, have now found it 
necessary to provide laboratories of their own, The 
cost of these, at present prices, seriously depletes the 
funds which would have otherwise been available 
for financing the investigations desired. 

Of these research associations there are now 18, 
having an income, provided by the trades concerned, 
aggregating some 40,000/., and contributed by 2,300 
members. The average subscription pr firm i i : 
will be seen, not very considerable, but in 
trades where very large firms exist, the latter pd 
to run their own research departments instead of 
co-operating with their smaller competitors. 

In the report for 1917-18, the Committee laid 
stress on the importance of including on the Councils 
of these research associations, direct representatives 


of labour. This would, undoubtedly, in every respect 
be a wise move as, naturally, science w ch ime at 
knowing how things work, is not fav at Ruskin 


College, where the students merely acquire facility 
in drawing logical conclusions from plausible but 
unproven premises, It is most im 
future of this country, that labour (which, having by 
far the majority of votes, has for some years past 
had political control) should be given an oppor- 
tunity of widening its culture, with the ultimate aim 
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that the methods of Plato, as exemplified. by the 
medieval schoolmen and the modern politician, 
shall be replaced by those of science, where even the 
most taking theories are, in the first instance, only 
tentatively adopted, and then honestly and exhaus- 
tively tested by observation and experiment on a 
small seale, before being applied on a large one. 
Nothing is said in the present report as to whether 
the recommendation to include labour representa- 
tives on the local research councils has as yet been 
followed, The association with scientific workers 
would be bound to be beneficial, though it must be 
admitted that some quite distinguished scientific 
men seem to have minds divided up into water- 
tight compartments, and abandon scientific methods 
of thought so soon as they leave their laboratories. 
This phenomenon is a very peculiar one, and many 
examples could be given both amongst the living 
and the dead. 

Whilst as a general policy the Committee follow 
the plan of helping only those trades which are 
prepared to help themselves, there are certain in- 
dustrial problems of such general interest and 
importance to the public at large that it has been 
deemed both right and politic to finance them 
entirely out of the taxes. The fuel problem is 
eminently of this character, and about 41,000/. are 
to be expended during the coming year at the 
Greenwich research station. Here provision is 
made for the examination of all the more impor- 
tant qualities of coal raised in the United Ki m. 
The arrangements are such that the coals can be 
gasified at any temperature between 500 deg. and 
1,300 deg. Cent. During recent developments it 
appears that 8 to 9 millions of the 30 million 
therms in a ton of coal have been obtained in the 
gaseous form, together with 3} millions in liquid 
products and 16 millions in the coke, the loss in 
the process being thus only about 10 per cent. 
Amongst the new plant now in erection at the 
Research Station is a setting of continuous vertical 
retorts, with which it is hoped to secure trustworthy 
data as to the economy of modern methods of gas 
manufacture. 

The supply of motor fuel has long occasioned 
anxiety. The British demand for the ensuing year 
is estimated at 250 million gallons. Our benzol 
production is not nearly large enough to meet our 
wants, and an inquiry has accordingly been made 
into the possibilities of power alcohol. The con- 
clusion reached is that this would be too costly a 
fuel if produced from domestic sources, but that a 
practically inexhaustible supply could be obtained 
from the tropics. Incidentally, it is noted that the 
use of gas for driving motor vehicles would be 
promoted by a general adoption of the practice of 
carbonising coal at 600 deg. Cent., in which case 
the gas produced has a calorific value twice that of 
ordinary town supplies, whilst the coke is admirably 
adapted for use in producers. 

Another research of general importance is that 
conducted by the Food Investigation Board. This 
board has now discovered a method of freezing beef 
whilst completely the physical and 
chemical properties of the fresh meat. Mutton has, 
of course, long been frozen, but beef should, as far 
as previous experience goes, be merely chilled or it 
will suffer seriously in quality. The new methods 
have proved successful in the laboratory, but have 
not yet been “ practicalised " owing to the lack of 
adequate apparatus. This discovery should prove 
of very great importance in view of the fact that 
the Board have found that certain moulds to which 
the meat is liable will grow and produce spores at 
temperatures as low as 5 deg. Cent. below freezing- 
point. Further research on those most important 
matters will be facilitated by the completion of the 
experimental station equipped with cold storage 
chambers, &c., which is now being erected at 
Cambridge on a site provided by the University. 
The cost of maintaining this institution will be met 
by the Committee. Another matter of considerable 
interest is that it has been found that the life of 
fruit can be greatly by employing artifi- 
cial atmos noteworthy experiments 
are those which have resulted in the synthesis of 
glycerol, hitherto obtained solely from natural oils 
and fats. 

The Building Research Board, established early 


in the year, is intended to set up rational standards 


in general it has often paid best to use the worst 
Moreover, many building authorities 
to have entirely mistaken their function, 
is to ensure reasonably safe and sound 
and not to collect fees. Claims have 

been made that railway companies 
and the like should be compelled to submit their 
to local surveyors, although the latter are 


timber may be safely adopted, and that, with proper 
safeguards, thin walls may be used for the upper 
storeys of cottages built under national housing 
schemes. It has further been shown that the 
choice of aggregates for concrete has been far too 
restricted in the past. 

Some very interesting work has been carried out 
for the British Museum, as Dr. Scott has devised 
methods by which the Assyrian tablets (of which 
Layard found such enormous numbers in Sena- 
cherib’s library), encrusted with deposits, have been 
cleared from these without injury, and he has also 
succeeded in removing incrustations from ancient 
coins of a copper-silver alloy, leaving the coin proper 
untouched. A highly interesting investigation is to 
be undertaken on others of these ancient alloys. 
These were cast 2,000 to 4,000 years ago, and it is 
expected that a systematic micrographic examina- 
tion of their structure will yield valuable data as to 
their permanence or otherwise. Some alloys are cer- 
tainly in only a meta-stable condition, and in that 
case their structure may be expected to change with 
lapse of time. 

With respect to ‘‘aided”’ researches, it is dis- 
appointing to learn that some of the processes 
devised by the Tin and Tungsten Research Board 
have failed to fulfil their promise. Still more so 
is it to note that of the fifty firms who received for- 
mulas for the manufacture of hard porcelain from 
British materials, not one is developing commercially 
the manufacture of this variety. 

The National Physical Laboratory is now under 
the direct control of the Committee. When origin- 
ally established, the Treasury would promise nothing 
more than a grant of 4,000/. a year for four years. 
This was afterwards increased to 7,0001. per annum, 
an amount utterly insignificant as compared with 
the annual subvention of 100,0001. made at the 
same period by the United States Treasury to the 
Bureau of Standards. It is pleasing to learn that 
during the ensuing year the Teddington establish- 
ment will have an income of 203,0001. No doubt 
we cannot expect proportionate value, since the 
supply of men of first-rate ability is always limited, 
and such men are, moreover, likely to be attracted 
elsewhere once their reputation is established. 
An important new development at Teddington is 
that the Admiralty are to erect there a laboratory 
of their own, with a view to facilitating collaboration 
between their own technical staff and that of the 
National Physical Laboratory. 





SAFETY IN THE FACTORY. 

Every shopman has experience of shop accidents, 
and in some industries they are almost part of the 
day’s work. Most employers and works 
certainly do their best to minimise the number of 
accidents, and with the assistance of our factory 
legislation and its administration they have been 
fairly successful as far as this country is concerned. 
This is not to say, however, that things might not be 
better. During the year 1919 the Home Office 
received: notification of 1,384 fatal accidents, 
40,058 accidents due to machinery and 84,582 non- 
machinery cases. These figures were rather below 
the average, and, of course, do not include accidents 
which are not reportable. Further, according to 
Mr. Gerald Bellhouse, the Deputy Chief Inspector of 
Factories, there is reason to believe that many 
accidents which are reportable are not reported. 
The returns under the Workmen’s Com tion 
Act are probably more complete, and for 1913 the 
latest year for which totals are available, com- 








pensation was paid on 1,298 fatal accidents in 
factories and docks and 225,096 non-fatal accidents. 
These figures should not be misunderstood and can 
only properly be considered in relation to the 
number of work-hours or days over which they were 
spread and also in relation to corresponding figures 
for other countries. Allowing this, however, it 
requires no vivid imagination to realise that. they 
represent much suffering and loss, which it is to 
everyone’s interest to reduce if possible. 

Industrial accidents are sometimes due to gross 
negligence on the part of the shop management in 
failing to provide proper safeguards in connection 


. | with dangerous machinery or processes. They are 


sometimes due to gross carelessness on the part of 
work people in failing to use safeguards properly or 
in deliberately taking risks. In general and on the 
average, however, they are due to slight oversight 
or ignorance on the part of one or the other. By 
ignorance on the part of the management we mean 
ignorance of possible but unlikely sources of trouble 
which have not been brought to notice by accidents 
actually occurring. By ignorance on the part of 
workpeople we mean failure to realise the danger 
inherent in all power machinery of any capacity, or 
in handling various moving parts, walking under 
suspended loads, slinging weights, &c. Many who 
had experience with unskilled or female labour 
suddenly imported into our machine shops during 
the war cannot fail to have noticed how workpeople 
of these classes would handle and take liberties 
with running machinery in a way that a skilled 
man would not normally dream of doing. 

This reference to ignorance on the part of work- 
people unused to machines must not be taken as a 
contention that skilled workmen and machine- 
minders do not also only too frequently act in a risky 
way either from forgetfulness or too complacent a 
self-confidence. The case of unskilled workers and 
their handling of machines is merely an extreme 
illustration of the cause of a considerable proportion 
of our industrial accidents, and it is in a reduction of 
this class that we must look for any considerable 
diminution in the total numbers. The accident due 
to gross carelessness on the part of the employer 
does not form any important proportion of the total, 
and is already fairly well looked after by our factory 
inspectors. The accident due to deliberate foolish- 
ness on the part of the employee is again not one of 
the most numerous, and it is doubtful if anything 
we can do will entirely eliminate it. The accidents 
due to oversight and ignorance may, however, be 
tackled, and judging by experience elsewhere may 
be considerably reduced in extent. The remedy 
would appear to lie in education. 

As far as the average shopman is concerned 
education is, perhaps, not so much required in things 
he does not know as in things he does know. Every 
accident is unexpected when it happens, but in the 
majority of cases the actual occurrences are no 
surprise to either the management or the work- 
people. No previously unknown factors, are as a 
rule, revealed. If the accident was to have been 
prevented, what was necessary was not education in 
something previously unknown, but education in 
something previously known—education not in 
reference to fact but in reference to the necessity for 
watchfulness and care. Itis this education that it is 
the object of the British Industrial “‘ Safety First ”’ 
Association to help forward. This is not the only 
object of the Association as we understand the 
matter, but it appears to us the most important. 
Much can be done and much has been done by the 
fitting of various guards on to machines of all types 
and invention and the direction of attention to the 
subject will undoubtedly do more in the future, but 
at the stage we have now reached the greatest 
reduction of accidents must be looked for in this 
education to which we have referred. 

To many people the British Industrial “ Safety 
First ” Association is an amiable fad which probably 
might be subsidised to the extent of a couple of 
guineas a year if it got noisy and influential enough, 
but which certainly cannot be allowed to interfere 
with the course of industry and output. This idea is 
perhaps understandable, and the expression “safety 
first ” is certainly not a happy one. It would require 
no very subtle dialectics to demonstrate that from 
the point of view of actuality the expression is 
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absurd even when used in connection with the most 
intensive safety campaign in the most be-guarded 
factory in the country. The “Safety First” 
Association, however, is better than its name. It 
* does stand for something practical and sensible, and 
it is to be hoped that the conference which it con- 
vened at the Olympia exhibition on Wednesday of 
last week may have done something towards bringing 
its aims to the notice of a wider circle. 

mg, One disadvantage of conferences of this kind 
is that they tend to attract the old worshipper 
and the neophyte rather than the stranger without 
the gates, but the device of holding this conference 
in conjunction with the machine-tool exhibition 
was a good one, and probably resulted in many 
machine-tool men becoming acquainted for the 
first time with the activities of the Association, 
We trust that such outsiders as attended the 
conference had the benefit of hearing the short 
speech which was delivered by Mr. H. E. Blain, 
who is the Honorary Secretary of the Association. 
Mr. Blain did not contribute to the formal series 
of papers which were read, but his remarks carried 
more enlightenment and conviction on the ways 
and objects of the Association than the more 
studied contributions. His speech was a model of 
terseness: and clarity. We would also like to 
congratulate Mr. Blain on his delivery. He in 
common with Lord Leverhulme and Mr. Barnes 
had grasped the elementary fact that to interest 
an audience it is first necessary that they should 
be able to hear what one is saying. Many of the 
readers of the papers and the speakers in the-dis- 
cussion performed lamentably in this respect. 

We have used the word “ education ” somewhat 
loosely in this article. The point we have been 
trying to make is that what is first necessary to 
reduce factory accidents is not the provision of 
more safeguards, nor yet the mere pointing out 
to workpeople of what constitutes danger. It 
is the continual and everyday insistence on the 
necessity for care and foresight throughout the 
factory. It is the education of everyone con- 
cerned to such a point that safety becomes a 
subject in which general interest is taken, and 
until the whole atmosphere of the shop is favour- 
able to it. The idea of avoiding accidents should 
be instinctive with workpeople. It should not 
be something which they have to remember. One 
does not “‘remember”’ the alphabet. It is rubbed 
in too deep for that. A child of six does however, 
and it is to be feared that too many of our work- 
people avoid accidents by remembering them in 
the way a child remembers the alphabet and not 
in the instinctive way an adult deals with it. 
js The actual means by which the “ Safety First ” 
Association propose that this atmosphere of 
interest in safety should be introduced into our 
factories were well explained in the paper read 
by Mr. Gerald Bellhouse. The idea is that, 
particularly in large factories, an officer should 
be specially appointed to look after the matter. 
He should be a sort of local factory inspector, and 
all guarding of machines and processes should come 
under his supervision. This inspector should, of 
course, attempt to interest the foreman and the 
workers in the movement, and to assist in this 
a Safety Committee is proposed, representing 
the management and workers, to meet at regular 
and reasonably frequent intervals. This com- 
mittee would inquire into accidents, and consider 
proposed improvements in methods of safety, 
particularly in conjunction with a suggestion 
scheme open to contribution from all workers. 
A further important recommendation is ih con- 
nection with the use of bulletin boards on which 
would be posted a regular succession of posters, 
illustrated or otherwise, pointing out various 
dangerous practices to be avoided and inculcating 
generally the undesirability of carelessness. These 
posters would be the kind of thing with which 
many of our readers will be familiar in connection 
with the London underground railway and motor 
omnibuses. 

It will be seen that there are two ideas under- 
lying these recommendations. In the first place 
it is proposed that the study of safety in any factory 
shall be formalised and made into someone’s 
definite job. In the second place what is in effect 
an educational campaign is proposed. The posters 


would form an important partfof this, and there is 
no doubt but that a constantly-changing series 
of striking matter would in time influence the 
workers sub-consciously so that they would 
gradually and in greater or less degree come to 
practice what was preached. These various proposals 
could not, of course, be carried out without expense, 
but there is no reason to suppose that it would be 
unduly heavy. The posters would, we imagine, be 
supplied to subscribers by the “Safety First” 
Association, and the special safety officer should 
certainly justify his keep in the saving of expense 
resulting from reduction in accidents, quite apart 
from the humanitarian point of view. 

“Safety First” movements generally on the lines 
we have indicated have been introduced at Port 
Sunlight, at Messrs. Edgar Allen’s works, by the 
British Thomson- Houston Company, Thomas Firth 
and Son and others, in all cases with very con- 
siderable success. At Port Sunlight, where luminous 
signs, special warning devices, &c., have 
installed to a very considerable extent, the system 
had resulted in a reduction of the number of 
accidents by 50 per cent. by the end of 1917, the 
following year showed a further reduction of 12 per 
cent., and by the end of 1919 there was a still further 
fall of 5 per cent. The results for the first half 
of this year are still better and show a reduction of 
20 per cent. as compared with the corresponding 
period of last year. At Messrs. Thomas Firth’s 
works the suggestion scheme has been a great 
success. The proposals put forward have mostly 
been not of a novel nature, but have been very 
useful, and as Mr. H. 8. Burn, who read a paper 
on the subject, pointed out, they mostly concerned 
work which ought to have been done in any case. 
In some firms the regulation has been made that all 
accidents, however trivial, must be reported to 
the ambulance room. This is with the idea of 
preventing cuts and abrasions resulting in septic- 
emia owing to lack of attention. A speaker from 
one firm stated that employees received a special 
maintenance grant over and above any ordinary 
out of work payment if they were absent owing to 
injury jreceived at work. If, however, they were 
absent owing to an injury which had not been re- 
ported at the ambulance room the gratuity was not 
paid. This greatly assisted in obtaining observance 
of the regulation. 





ITALIAN LABOUR. 

No apology is needed at the present time to 
excuse the amount of space which is being given 
in technical journals to the labour situation the 
world over. It should most strongly be emphasised 
that the very serious unrest prevailing in many 
trades and in most of the industrial countries 
of the world is giving rise to that unsettled state 
that reflects adversely alike on commercial as on 
technical progress. Is it fully realised how largely 
our leading engineers and industrialists are devoting 
their time and their attention to the solving of 
one difficulty after another connected with labour 
affairs rather than to the development of industry— 
commercially and technically? No estimate is 
even possible of the loss so occasioned. 

In this country the trend of affairs recently in the 
north of Italy has been given very grave attention. 
Socialistic agitation in Europe since the war has 
shown a strong tendency to convert economical 
disputes into political questions, and in some cases 
the issue has been pushed so far as revolution. 
Unfortunately, this tendency has been strongly 
marked in Italy due in measure to the workers, 
although earning much higher wages than pre- 
viously, suffering greater hardships than similar 
classes elsewhere. Food cards, limitation of the 
bread supplies in many districts, difficulties in 
obtaining the necessities of life, rice, flour, lard, 
oil, butter and, above all, fuel in winter, should 
be mentioned. Many other commodities, although 
fairly abundant in other countries; are still very 
scarce in Italy, while the workers can only at 
present look forward to spending their fifth winter 
without adequate supplies of coal, the price being 
more than 700 lire (or at the present rate of 
exchange 8. to 10l. sterling) per ton. 

Tt can hardly be wondered at then that this 





ground is fertile and prepared for the sowing of the 





seeds of discontent with the consequent strike 
actions. Coal may be said la to be the crux 
of the situation in Italy as it is and we 
wonder whether reasonable attention has been 
given by our great trades unions to the effect of 
a coal strike not only on the of this country, 
but in others, in spite of the loud protestations, 
which are never absent from the many Labour 
congresses, of the brotherhood of labour. Ignorance 
due to insular position, explains much, but a wider 
power of labour can only be tolerated when based 
upon knowledge of fundamental facts, existing 
conditions and a kno of affairs. We 
look almost in vain for signs of any material 
improvement in labour’s outlook in these directions. 

A great relief was felt by all last week at the 
happy turn which negotiations at home then took, 
culminating in the postponement of the coal strike 
notices for a week ing discussion between our 
miners and coal owners regarding the fixing of a 


been | datum line of coal output above which a bonus for 


increased production will serve to give to the miners 
the greater wages for which they ask. With an 
increased output little objection would be raised to 
this course. This rise in wages at least would be 
guaranteed not to have the effect so often observed 
of higher wages incurring reduced output. In no 
country would greater satisfaction be felt than in 
Italy at this change in prospects in regard to coal, 
and although, at the time of our writing, a serious 
hitch in the negotiations is threatened, it is earnestly 
to be hoped that the ultimate results may be 
satisfactory to all concerned. 

To turn to the expression of Italian discontent ; 
some weeks ago, the workers in the leading fac- 
tories—metallurgical and engineering—in the North 
of Italy put forward a demand for a 50 per cent. 
increase in wages. This ledjto a strained situation 
and a lock-out of the men by the employers was 
threatened. To prevent this action being taken the 
workers took over the factories and them - 
selves so that at no time were the works left unoccu- 
pied by the employees. As a class, we are pleased 
to testify, these are neither lazy nor unintelligent, 
and it was realised that for the carrying on of the 
work the technical staff and the works direction 
must be retained. To this end generally the 
management were prohibited at first from leaving 
the works, and the work was carried on as before 
without serious disturbance. It was quic 
realised, however, that so complicated is the fabric 
of organisation necessary to insure supplies of raw 
material and to make financial arrangements, that 
the position was economically impossible. The 
workers had to learn that raw material does not 
find its way automatically into the factory, nor the 
finished product to the market. The behaviour of 
the men has been good, yet the work gradually 
came more or less to a standstill. The trades 
unions issued edicts and their officials enforced 
orders which, had they come from other than their 
own elected representatives, would have been 
regarded by the men as autocratic in the extreme. 
Only one example need be given. One of the 
articles of the trades unions’ edicts states that 
“whosoever comes late or leaves off work before 
the appointed time shall lose his pay for that whole 
day’s work.” 

The one outstanding circumstance of note which 
either might have terminated the present “ strike ’’ 
—if so it may be named—or caused the movement 
to take a more violently revolutionary turn is, that 
no money was forthcoming for wages on pay day, 
the banks, of course, refusing to disburse to this 
end. The latest news from Italy shows that a 
sa tp at settlement has been reached, Councils 
similar to those of the Whitley scheme in this country 
are to be imposed by law. Information is yet lacking 
as to the definite scope of these bodies composed of 
equal numbers of workers and employers, but so 
far as reports go they point to much wider powers 
than has yet obtained at home in similar casés. 
It is to be Lega that the Italian workers with their 
capacity for work, and their relatively high degree 
of skill and intelligence, will have learned a lesson 
from. this tentative experiment in sovietism of 
the last few weeks, and that in due course wiser 
counsels will prevail, and these combined bodies 
will settle down on an equable basis for the best 
results. The sharing of the profits of industry 
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can only be justified if the losses are also shared. 
If a full measure of the profits are to be allocated 
to the workers, they must also take the same 
measure of the risks. These councils at least will 
serve one important end, and that is, to prove 
conclusively to the workers that the enormous 
profits which they believe are being made by the 
employers and which they claim to share, exist 
only in their imagination. We trust that the more 
extreme element in our own labour movement will 
study and benefit from the experience of the recent 
Italian situation, and to this end it is hoped that 
full and complete reports will in due course be 
published here of the basis of the final settlement 
when reached. 





THE IRON AND STEEL INSTITUTE. 
(Concluded from page 414.) 


THE members reassembled in the building of the 
South Wales Institute of Engineers, Cardiff, on 
Wednesday morning, September 22, for the further 
reading and discussion of papers. 


Roves Ciueantine or Buast-Furnace Gas at 
SKINNINGROVE BY THE LopGE ELECTROSTATIC 
PRoogss. 


The first paper taken was the one bearing the 
above title, contributed by Mr. A. Hutchinson 
and Mr. E, Bury. It was read in abstract by the 
former. We reproduce it on page 453 of the present 
issue. 

The discussion was opened by Professor H. Louis, 
who stated it would have been interesting to receive 
at the same time an account of the Cottrell process 
in use at Moss Bay where it seemed to be doing 
admirable work, and to compare at the meeting 
the two processes side by side. He would like to 
know in what particulars the Lodge process differed 
from the Cottrell process; it was, he. thought, 
difficult to discriminate between the two, and it 
would have been satisfactory to have the points 
of difference entered into on that occasion. The 
authors had said that in their plant the results 
they had achieved had been attained with a total 
fuel consumption corresponding with 50 kilowatts 
only ; he asked whether that meant the total power 
consumption for electric current and for passing 
the gas through the plant, also to what quantity 
of gas that applied. He congratulated the authors 
for the courage they had shown in putting forward 
their paper so short a time after the process had 
started running at their works, and this certainly 
augured well for the process. 

Mr, A. K. Reese thought a disadvantage of the 
process dealt with by the authors was the vital 
necessity of constantly maintaining a regular flow 
of gas through the apparatus, so as to prevent some 
gas passing through uncleaned. If this were a 
necessity, then the system must require a very large 
amount of attention, and there might possibly 
ensue a very irregular result from the plant. An 
efficient plant in this connection, he thought, must 
be a more or less automatic plant, and he asked 
whether means had been considered to render the 
plant in question automatic in its action. Wet 
systems and other systems were automatic, except 
for the keeping of the mechanical parts sufficiently 
lubricated. 

Mr. H. M. Ridge appreciated the practical value 
of the authors’ contribution; it had been given 
within a very short time after the starting of the 
installation, and he thought the members should 
not be too critical at this comparatively early date. 
He would like to know, however, whether the 
authors had ype lieel poe reduce the dust 
content in the gas, since this sometimes 
became necessary—or, in other words, whether it 
was possible, as regards dust content, to get still 
better results. In the matter of dust removal, 
the capital outlay for the plant and also the working 
costs came in, and were important items; if the 
authors could add information as to these points, 
this information would be found of t interest. 
The capital cost was high in the case of the Halberg- 
Beth system. It meant a heavy outlay for what 
might be termed an accessory plant, He also asked 
what was the difference in the pressure of the gas 
in the mains and at the point where it entered the 


cleaner. One of the advantages claimed by the 
authors as being due to using cleaned blast-furnace 
gas, .¢., @ saving in gaseous fuel consumed arising 
from the greater thermal efficiency of the gas, 
might, he'thought, be amplified; the flame effect was 
greater, and one could utilise smaller gas passages 
in the stoves. In former appliances, the gas 
passages. were too great to utilise the thermal 
efficiency in the gas. This also applied to the 
utilisation of the gas under steam boilers. 

Mr. J. 8. Hollings found that the authors’ figures 
of reduction in temperature of the gas seemed to 
be satisfactory ; there was a waste in that respect 
in the wet process. Their figure of the dust content 
in the rough cleaned gas at Continental plants 
should, he thought, read Q-1, and not 1 gramme 
per cubic metre in the water-washed gas. The 
authors had given the figures now obtained at 
Skinningrove as being 0-8 gramme to 1-1 gramme 
per cubic metre in the cleaned gas, a proportion 
which seemed to be a high one ; in his (the speaker’s) 
plant, with large static gas catchers, he obtained 
1-25 gramme to 1-4 gramme per cubic metre, 
and found it necessary to clean the stoves about 
every nine months, the specific gravity of the dust 
at his (the speaker’s) works having, perhaps, some 
influence on the . 

Dr. Rosenhain found the paper interesting! also, 
in that it showed a useful development on a large 
scale of a scientific problem which was simply 
considered as such in former years; it pointed to 
the fact that the abstruse questions of a former 
generation could well become of practical importance 
in the time of the generation following. 

Mr. F. W. Habord said he would like to know 
the cost of the plant if this could be given. In a 
process used in the United States, the gas was filtered 
through steel wool, and it was claimed that, the 
proportion of dust was thereby reduced to 0-5 
gramme per cubic metre; it seemed to work satis- 
factorily. One was to be put down in this country, 
but it was not yet known how it would answer 
under our conditions. The ‘question, however, 
resolved itself largely in one of'capital cost. 

Mr. T. C. Wild understood that potash was 
encountered in the finer particles of dust, and asked 
whether some dust rich in potash did not pass out 
with some of the gas at the chimney stack. 

Dr. Stead said that the electrostatic precipitation 
of dust was referred to in some old text books, 
and Professor Lodge, as was well known, had 
suggested that the method might be applied to 
the dispersion of fogs, a suggestion which would not 
answer. He (Dr. Stead) had proposed that it 
might find an application in removing the dust from 
blast-furnace gas. 

In the course of his reply to the discussion, 
Mr. Hutchinson said the Cottrell process was 
essentially, he believed, the same as the one put 
down at Skinningrove, but there were at the same 
time many details which differentiated the two. 
In the electrolytic process at Skinningrove the 
current was unidirectional. Lord Moulton had 
called at the works and had expressed himself 
greatly interested with the preparatory plant he 
had seen there. He told the speaker that probably 
difficulty would be experienced with the platinum 
points, but in the working no difficulty occurred, 
the points were maintained in an atmosphere of 
hydrogen, and there were no short circuits between 
the platinum points and the mercury cups. He 
(the speaker) thought there was difficulty in the 
matter of the plant at Moss Bay in regard to the 
distribution of the gas in the different chambers. 
At Skinningrove they had adopted sixteen chambers, 
and this constituted, perhaps, an essential difference 
between the Cottrell process and the one selected 
by the authors. In the main they were, perhaps, 
identical, but they differed in what he would term 
the chemical engineering devices on which the 
success of the whole process depended. At Skinnin- 
grove they ensured that the whole gas came in 
contact with the electrical apparatus, and they 
dealt with the total blast-furnace gas of four blast 
furnaces making from 3,000 tons to 4,000 tons of 
pig-iron per week, Regulation of the gas flow was 
effected by valves on each side of the cleaning 
chamber, and it could easily be ascertained, when the 





gas came from the chamber, if it was sufficiently 
well cleaned. The staff consisted of two electricians 





and two cleaners, whilst the gas was attended to by 
the ordinary gas man of the blast-furnace plant. The 
difference in pressure between the ingoing gas and 
the outgoing clean gas was between } in. and 4 in. 
of water. As to the effect on the stoves, it was a 
little too early to speak; with regard to the saving 
by the utilising of the sensible heat and of clean 
versus dirty gas, the authors had to wait until they 
relined the stoves, when they would probably lay 
the bricks in the stoves closer together than they 
were now. The process was at its present stage 
intended to clean the gas sufficiently not for its 
utilisation in gas engines, but only in the stoves 
and under boilers. The cleaning beyond a certain 
given proportion of dust resolved itself simply into 
a question of capital expenditure. It was quite 
true that some potash still remained in the fine 
fumes which escaped through the chimney stack, 
but they were doing very well at Skinningrove in 
the extraction of potash by the method. It was 
difficult to give figures of{capital cost, but he could 
say that the electrostatic part of the plant actually 
cost £30,000. It was hardly fair to give a total 
figure to cover the whole plant, since the tubing 
and other elements would vary from one instance 
to another. He might conclude by saying that 
the plant was a pretty one from a scientific point 
of view; it might be likened to a lecture table 
apparatus rather than to an industrial process, but 
it was fulfilling the functions of both. 


VARIATIONS IN THE HEAT SUPPLIED TO THE BLAST 
FURNACE AND THEIR EFFECT ON THE FUEL 
CONSUMPTION. 


The second paper taken at the meeting of Septem- 
ber 22 was the one the title of which we give above, 
by Mr. W. W. Hollings. It was read in abstract by 
the author; we reproduce it on page 459 of the 
present issue. 

The discussion was opened by Mr. A. K. Reese, 
who said he supposed his works were the only ones 
in this country to use dry blast, and it was, there- 
fore, incumbent upon him to defend that method. 
The author’s paper resolved itself into a strong attack 
on dry blast; he (the speaker) had no theoretical 
figures to put forward in regard to the advantages 
of dry blast, but the results which it actually gave 
might, he felt sure, vary the author’s conclusions. 
Theory was undoubtedly of great value in many 
cases, but practical results were of greater value 
still, and in blast furnace practice it might be said 
that theory seldom fitted in. For example, the 
theoretical burden that fuel should carry was not 
the same as the burden which the fuel actually 
did carry. In a general sense, the author’s paper 
was an interesting one, but it did not help the 
manufacturer. He (the speaker) had been working 
with dry blast for the past ten years ; he had carried 
out tests, using the dry blast plant in the early days 
of the installation, he had watched the results 
closely, notably the fuel consumption, and had 
found the results very conclusive indeed. He 
had not made any comparative experiments since, 
as he felt there was no necessity at all for doing so ; 
he certainly saw no reason at all for going back to 
natural air. 

Blast-furnace practice, he continued, involved 
many variables which affected the working ; it was 
difficult when arriving at different results for one 
period compared with those of another period, to say 
that the difference was due to one stated cause. The 
burden carried by the fuel was an excellent guide, 
perhaps a better guide than others. Previous 
to the use of dry blast at Cardiff, the maximum 
burden of ore was 18 cwt. per barrow of fuel: after 
the dry blast plant was put in, and in normal times, 
that is to say before the war broke out, the maximum 
burden became 20 cwt. per barrow of fuel, using the 
same coke, the same Spanish ores, and working 
under the same general conditions. One barrow 
of coke weighs about 9-5 cwt. That was one 
explanation that could be given to point out the 
saving due to dry blast. Dry blast also helped 
in other ways. Previous to the use of dry blast, 
he (the speaker) was limited in regard to the blast 
the furnace would carry, and irregularities occurred ; 
now he could run the blast at as high a temperature 
as he could get. He worked at 1,400 degrees, 
and also 1,500 deg. if he could get that temperature 
in the blast, and there occurred no hanging up and 
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when using natural air. One important point gained 
by the use of dry blast was that when the furnace 
“ went off colour,” the grade of iron obtained falling 
to, say, grade No. 4, the quality of that iron for 
steel making did not deteriorate to the extent 
which it did when using natural air. Using natural 
air only, the sulphur content would go up following 
the variations in the working. The concentration 
of the air gave a higher percentage of oxygen per 
cubic foot as was well known, and it was all to the 
good. The higher heats and better working he 
(the speaker) obtained owing to dry blast were the 
result of uniformity and reduction of moisture in 
the blast. The material as it descended the furnace 
first. became pasty, and it was at that region that 
scaffolding might take place. The more uniformity 
there was in all the conditions, the more economical 
was the running of the furnace; it was desirable 
to have not only uniformity in the ore as regards 
quality and size, but also uniformity in the blast, 
since blast which was always varying in moisture 
led to variations in the efficiency of that blast. 
If one had a constantly varying melting zone 
one had also a constantly varying pasty zone, 
this leading to irregularities in the working of the 
furnace. Dry blast had the effect of maintaining the 
pasty zone always at the same level in the furnace, 
and of removing the cause for sticking, there being 
a regular descent in the furnace. Dry blast, he 
repeated, allowed a higher temperature to be carried 
in the blast. It might be that the conditions ruling 
at the author’s blast furnaces at Brymbo did not 
make for the use of dry blast; at all events, his 
(the speaker’s) actual experience at Cardiff disposed 
of the author’s broad statement as to dry blast. 

Professor Louis disagreed with the last speaker’s 
premises as to theory not being applicable to blast 
furnace practice; if theory and practice did not 
agree it was because the facts were not correctly 
observed, or the theory was badly applied. The 
author’s paper was difficult to follow in some 
instances ; he used the same letter A for different 
items in his formulae. He apparently based his 
theory on the hypothesis that all the carbon used 
in the reduction of the ore was oxidised‘to CO,, 
whiist it was well known that a part was oxidised 
only to CO. If that were a fundamental point in 
his ‘theory, {then the paper fell to pieces. He 
did mot agree with the author’s conclusion ;that 
the process of blowing with oxygen-enriched air 
was not likely to result in any appreciable saving 
for a small percentage increase in the oxygen. 
The oxygen-enriched air would burn the carbon more 
completely to CO, in the tuyere zone and would 
make for economy. The question of oxygen- 
enriched air was one which required to be tried 
thoroughly. It was always the endeavour to purify 
all the material which was put into the furnace, 
and it was not a mistake to try and remove the 
impurity from the air. 

Mr. F. W. Harbord also thought Mr. Reese’s 
attitude in regard to theory was not exactly a 
correct one to take. It was necessary to determine 
theoretical conditions and to endeavour to aim at 
them. On the other hand, he thought that the 
author had not fully established his position; 
some facts on which he based his theory could not 
be regarded as correct. He (the speaker) agreed 
with Professor Louis as tothe advantage of oxygen- 
enriched air. 

Here Mr. A. K. Reese interposed that he was not 
opposed to all theory, although he thought it was 
impossible to prove by mathematical calculation 
what went on in the blast furnace. 

Mr. W. J. Foster thought that the dry blast 
process as introduced appeared to be rather an 
expensive luxury, but the advantage of drying 
the air would be characterised by a corresponding 
decrease in the cost of upkeep of the furnace. It 
was necessary to get the blast turnace fo a high 
temperature to decompose all moisture into its 
molecules, and the chief zone in the furnace was the 
reducing zone, whereas formerly the top of the 
furnace was considered the most important one. 

Mr. W. Moore believed that Mr. Reese’s dry blast 
plant was not the only one in this country. In 
his (the speaker’s) experience he had found it a 
definite advantage to go in for dry air. 


no sticking in the furnace such as were experienced 
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Mr. J. 8. Hollings found that the speakers who| 


had expressed opinions adverse to the author’s 
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of sulphur in the electric furnace, a theory which 
was confirmed in the main by the author's work, 


findings had not given their own figures, and it 
was difficult to apply the theory in the paper to 
their results. He had made, in conjunction with 
the author, a series of three tests each of six months’ 
duration, and the net results arrived at were those 
quoted in the paper. From the financial point 
of view, the results quoted in the paper were sub- 
stantiated by general experience. There were two 
dry blast plants in the States, one in Germany, 
and, he believed, one in France, but he did not 
think they were successful. In this country as 
many had been put out of action as were in actual 
operation. He hoped Mr. Reese would read a paper 
giving the full results with his dry blast installation. 

Mr. C. H. Ridsdale referred the members to the 
paper on blast furnaces which he read at the last 
May meeting, and to his reply to the discussion 
thereon, and stated that the hearth, as was well 
known, was the most sensitive part of the furnace, 
andtif dry blast increased the’ heat in the hearth, 
there was obtained a corresponding saving, 

Mr. C. S. Gill said he had no practical experience 
with the use of dry blast; uniformity in the blast 
seemed to be its strongest point. He thought that 
Mr. Reese went perhaps too far when he said that 
a low percentage of sulphur in his pig-iron was due 
to the use of dry blast. With his (the speaker’s) 
furnace No. 8 he noticed the same point in regard 
to sulphur, although he did not use dry blast. The 
iron was low in grade, but it also showed a low sul- 
phur content. It was necessary, therefore, to 
look further than dry blast to account for the 
occurrence. In regard to the economical point of 
view, the coke consumption in his (the speaker’s) 
particular furnace was very good, about 18-5 owt. 
per ton of pig-iron made. The temperature in the 
stoves was also fairly good, being from 1,400 deg. 
to just over 1,500 deg. Fahr. Consett, where the 
furnaces were located, was about 900 ft. above sea 
level, and the moisture in the air at Consett was, 
perhaps, lower than that in the air at Cardiff. 
The coke at Consett was variable, but they tried 
to keep the good coke for the furnace No. 8 in 
question ; the ash was never less than 10 per cent., 
and never higher than 12 per cent. The ore they 
used was Spanish ore from various Spanish mines, 
mixed with a ‘small proportion of purple ore 
briquettes. 

In the course of his reply, Mr. W. W. Hollings 
said he thought the remarks made by Mr. J. 8. 
Hollings partly covered the points raised. The 
statement in the paper that the oxygen of the air 
burned the carbon to CO, was based on one example, 
and as Gayley’s trials were on the same furnace 
and with the same ore, he (the speaker) had taken 
the point and applied the theory mathematically. 
In regard to the oxygen-enriched air, he thought 
Professor Louis was perhaps under a slight mis- 
understanding, for he (the speaker) did not say 
it would be disadvantageous if there were a fairly 
large increase of oxygen; a small increase only 
would not result in sufficient advantage to pay for 
the plant for providing that small increase. 


Exxrcrric STEEts. 


The last paper taken was one on “ Electric Steels,” 
by Mr. C. G. Carlisle. We reproduce it in abstract 
on page 456 of the present issue. 

The discussion was opened by Mr. E. H. Saniter, 
who stated that many papers had already been 
read before the Institute dealing with the electric 
furnace, but the paper by Mr. Carlisle was the first 
one contributed by a manufacturer of steel in the 
electric furnace, and deserved, therefore, a hearty 
welcome ; it was hoped that other makers would 
come forward with the object of filling up the gaps 
which still existed in that branch of steel metallurgy. 
The author claimed that steel of great purity, 
from the point of view of sulphur and phosphorus, 
could be obtained in the electric furnace; that 
was so, but almost the same results from that 
point of view could be arrived at in the basic open- 
hearth furnace. In one of the author’s statements it 
was said that part of the sulphur present in the 
slags existed as SO,; he (the speaker) did not 
think that such could be the case. With regard to 
Geilenkirchen’s assumptions as to the removal 





he (the speaker) did not fully agree, as the same 
results could be obtained in the open-hearth basic 
process in the presence of oxide of iron. He had 
tried to desulphurise steel in the ladle with carbide 
of calcium, but had not arrived at a satisfactory 
result. A fine steel was made in the electric 
furnace, but it required patience and care to 
make it. The author had said that he could 
make a solid steel without using killing agents for 
the slag, and he (the speaker) asked why he found 
it necessary to add 0-1 to 0-2 of silicon if he could 
make a solid steel without it. 

’ Dr, A. McCance said that there existed in some 
quarters prejudice against electric steel; the 
subject was one that should be looked into im- 
partially as it affected an important section of the 
steel industry. The question resolved itself largely 
into considering who made the steel. An electrical 
engineer could not make the steel, the work ought 
to be carried out by a steel maker. High quality 
steel could be made as satisfactorily in the electric 
furnace as in a crucible or in the open-hearth 
furnace. 

Mr. H. Dodo found the tables in the paper very 
interesting, and attached great importance to the 
high tensile test figures referred to by the author. 

Professor A. McWilliam asked the author what 
was really meant by the statement to the effect 
that with a correct slag killing agents were not 
necessary. He thought that actually the general 
experience would be found against that state- 
ment. Whatever care might be taken it would 
be found necessary to use some killing agents, 
and he asked the author to take up that point 
carefully. 

Mr. Carlisle, in the course of his reply, said he 
quite agreed that basic open-hearth steel could 
be made quite as good as electric steel ; in a recent 
paper read before the Institute it had, however, 
been said that the sulphur in the basic steel could 
only be made low by a great deal of lost time, and 
was not, commercially, a good proposition. In 
the electric furnace, on the other hand, the sulphur 
and phosphorus could be made low more easily 
than in the open-hearth furnace. He agreed also 
that the sulphur in the slag existed in as 
sulphate. He had analysed his slags and had found 
that the total sulphur was not present wholly as 
sulphide. Geilenkirchen also said that the existence 
of sulphur as SO, was only a transitory 
Calcium carbide was not a panacea for all 
and one could get a good slag without it being in 
preponderance. Silicon acted in the same way as 
calcium carbide. 

The other papers on the list were taken as read, 
and discussion on them will be given by corre- 
spondence. On the motion of the Chairman, all 
the authors received the thanks of the meeting for 
their contributions. 

The proceedings terminated by a vote of thanks 
to the Lord Mayor and Corporation of Cardiff for 
their cordial reception, to the South Wales Institute 
of Engineers for the loan of their premises, and to 
the various works and installations in the district 
for the invitations they had extended to'the members 
for visiting their plant. 





NOTES. 
Some OBSERVATIONS ON THE INDUSTRIAL FaTiGUE 
Resgarce Boarp. 

THERE has just been published No. 8 of the Reports 
of the Industrial Fatigue Research Board. It is 
entitled “ Some Observations on Bobbin Winding,” 
and we are indebted to it for suggesting the title of 
this note. The Report is of 40 pages. What 
they contain we can indicate very briefly. Bobbin 
winding in the cotton industry consists in winding 
Seedy en tee tab a it is spun, on to bobbins 

order to facilitate warping, which is the next 
process in the from raw cotton to calico, 
or whatever it may be. The tells us that 
the American type of bobbin winding frame, which 


is more compact than the English type, involves less 
See ae cascada ta 
It also us that at a certain mill in Lanca- 


shire (not specified by name) there is no evidence that 
the women employed in the bobbin winding depart- 
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ment suffer from excessive fatigue, either towards 
the end of the day or at the end of the week. It also 
tells us that the department is the most efficient 
in the mill, but that the ventilation and lighting are 
somewhat defective, and that each employee loses 
on the average two hours’ work a week owing to 
defective transport of material through other parts 
of the mill. Forty pages are employed in imparting 
this information, and what we are concerned with is 
to inquire why it was considered necessary to publish 
the matter at all—at the public expense, we pre- 
sume. The Report states that it deals only with a 
small side inquiry, but it does not state that the 
inquiry resulted in nothing at all of any importance. 
The investigation of industrial fatigue is an important 
matter, but if the Board concerned is going to 
publish all its preliminary and slight investigations, 
the result will be discredit and the refusal of any one 
to pay any attention to its Reports, important or 
not. 
Tae EMPLOYMENT OF THE BLIND IN 
ENGINEERING SHopPs. 

Since the war came on us we have had the employ- 
ment of the blind kept before us as a result of efforts 
on behalf of those who lost their sight in the service 
of the country. Although perhaps not to be 
recommended as common practice, it is interesting 
to note that, quite apart from the after effects of the 
war, blind men and women have been employed in 
engineering workshops with a considerable degree of 
success. The Jron Age recently published an article 
on what has been done in Cleveland, Ohio, in this 
direction. It is stated that about 70 operations 
in engi shops are now performed in that city 
by blind men and women. These include the opera- 
tion of machine tools, including broaching machines, 
drills, grinding machines, lathes, punching machines, 
stamps, spot welders, nut-facing machines and so on. 
On bench work such hands have been employed on 
cleaning castings, nutting bolts and packing. The 
electrical trades furnish a good many opportunities in, 
for instance, taping field coils, stator, magneto and 
other forms of coils; in the assembling of small 
electrical gear, such as switches, while in the assem- 
blage of locks, radiators, sewing machine parts and 
other light work the blind are now successfully 
employed. Such employees are working at these 
selected jobs at the same piece work rates as normal 
workers, and are making as much money in spite of 
the loss of this faculty. The blind worker is said to 
be steady and reliable. Their natural caution has 
resulted so far in an absence of accident. Although 
the placing of such hands in engineering works 
naturally needs the most careful consideration in the 
selection of work and surroundings suited to their 
conditions, their sphere of labour is certainly not so 
limited as it was once deemed to be, while in output 
they have shown themselves capable, when well 
placed, of competing with and often exceeding the 
efforts of the ordinary hand. The results of Cleve- 
land should encourage the study of this problem on 
this side in connection with our war cases. 
Loyerroups DererMinaTion By Lever Warcues. 

In connection with the precision lever watches 
of M. Paul Ditisheim, of La Chaux-de-Fonds, 
Switzerland, to which reference was made in our 
issue of May 28th last, «a series of tests was made 
recently to discover how closely simple lever watches 
could approach to the accuracy of wireless tele- 
graphy in longitude determination. The tests 
were arranged between Paris and London, and the 
watches were conveyed by aeroplane in order to 
shorten the period of transit and thus improve the 
accuracy of the determinations. On account of 
bad weather the first journey, undertaken on 
May 18th, was abnormally long, occupying about 
seven hours, but in the subsequent j under- 
taken between May 21st and May 27th, the average 
time was only 2-45 hours. On one occasion the 
watches were taken forwards and backwards in one 
day. The watches were compared at Greenwich 
by Mr. Bowyer and in Paris by M. Lancelin, who 
also made the general calculations. Twelve watches 
were used, and the various journeys afforded 61 
observations. The a of these has proved to 
be within 0-005 of a second of the a of the 
standard wireless determinations. This difference 
is so minute as to be negligible. These results 
confirm previous experiments between Neuchatel, 





Bordeaux and Washington, which showed that the 
lever watch could be produced in a robust form and 
yet be capable of the highest degree of accuracy. 
The watches used in these tests were similar to 
those which had obtained the record marks of 96-9 
out of a theoretically possible 100 in trials at the 
National Physical Laboratory, Teddington. In 
a recent statement to the Academy of Sciences, 
Paris, Mr. Ditisheim stated that it was the organisa- 
tion of a regular aeroplane service between Paris 
and London which induced him to make a new deter- 
mination of the difference in longitude by means of 
lever watches in order to discover the limit of 
precision which could be reached in actual manu- 
facture. The watches, which are about 2} in. in 
outer diameter, were wrapped in wool to protect 
them from the extreme cold, and were kept hori- 
zontal during the journey. Otherwise no special 
precautions were taken. 


INTERFACIAL TENSION Mercury—O1L. 

During recent discussions on lubrication South- 
combe and Wells described their method of deter- 
mining the interfacial tension between a lubri- 
cating oil and water by discharging the oil from a 
capillary, bent upward, into water and by counting 
the number of drops rising in a certain time. They 
also mentioned that Professor W. McC. Lewis had 
measured the surface tension between oil and 
mercury and had observed that the addition of 
about 2 per cent. of fatty acid to the oil lowered the 
surface tension between the oil and mercury, ¢.g., 
from 100 to 89. Further experiments on this inter- 
facial tension have been made by Shanti S. 
Bhatnagar and W. E. Garner at Liverpool (Journal 
of the Society of Chemical Industry, July 15 last), 
the method being that applied by Professor Donnan, 
then at Liverpool, in 1899. Drops of mercury are 
allowed to fall from a capillary into the oil or 
solution, the capillary dipping into the liquid. The 
sizes of the drops and their weights vary with the 
nature of the oil and, according to Rayleigh, the 
surface tension is directly proportional to the weight 
of the drops. The experiments are so arranged that 
the fine capillary does not allow more than two 
drops to escape per minute; the drops settle in a 
glass cup or spoon which is placed at the bottom of 
the vessel containing the oil. When 50 drops or 
more have collected, the spoon is taken out of the oil, 
the mercury is washed with carbon tetrachloride, and 
the mercury is weighed. To test the influence of 
the addition of fatty acids to other oils, pure paraffin 
oil (of high viscosity, high boiling-point and definite 
composition) was selected as reference material and 
solvent. The organic acids dissolved in this oil 
were oleic acid, stearic, linolic and palmitic acids. 
The surface tension paraffin oil-mercury being taken 
as 100 dynes per centimetre, it was confirmed 
that the surface tensions in all cases decreased as 
more and more acid was added to the oil. With 
concentrations of 1-2 per cent. the interfacial tension 
of the oleic acid solution sank to 94, whilst that of 
the linolic acid solution sank to 90; the other 
two acids approached with increasing concentration 
the curve of the oleic acid, but the experiments were 
not carried to the higher concentrations. The 
oleic acid differed from the others in so far as the 
diminution of the interfacial tension was at first 
very slow, and began to drop off rapidly at a con- 
centration of 0-25 per cent., whilst in the case of 
other acids the diminution was fairly regular from 
the first. This peculiar behaviour of the oleic 
acid may be connected with Langmuir’s observation 
that the thinnest surface film of oleic acid is only 
half as thick as a film of stearic or palmitic acid, and 
it would appear that the increased efficiency of a 
lubricating mineral oil, to which an organic acid has 
been added, really runs parallel with the lowering 
of the tension at the metal-oil interface. The 
experiments should, of course, be made with oil and 
steel or some solid metal at any rate; as that is 
impossible, the liquid metal mercury is used. 

ACETYLENE FOR AUTOMOBILES. 

During the latter part of the war acetylene-driven 
automobiles were tried in Switzerland with the 
approval of the Government, as the country makes 
calcium carbide, but has to import petrol. We 
noticed these experiments on page 469 of our issue 
of October 25, 1918. The trials do not appear to Lave 





proved promising under normal conditions. When 
Professor F. Haber visited Ziirich in autumn, 1919, 
he could not find a single acetylene automobile ; 
they had all been reconverted. From a book by 
Professor C. F. Keel, director of the Swiss Acetylene 
Society, on “ Acetylen im Automobilbetrieb ” 
(Ziirich : Rascher and Co.), he learnt that acetylene 
propulsion was about half as expensive as benzol 
propulsion, when the acetylene was generated from 
carbide on the automobile. By request of the 
German Government, however, he has investigated 
the possibility of acetylene as motor fuel, experi- 
menting, in conjunction with Kerschbaum and 
Tesch, with a stationary motor of 4 h.p. (normally 
driving a dynamo) and a Fiat automobile of 20 h.p. 
According to Keel, 1 kg. of acetylene gave as much 
energy as 2 kg. or 2-5 kg. of benzol, though the heats 
of combustion are only as 1-2: 1. The reason for this, 
Haber found (Zeitschrift fiir Elektrochemie, August 
last, pages 325 to 329) to be that there is always an 
excess of air in the benzol fuel mixture, whilst acety- 
lene can be burned with its theoretical air allow- 
ance. When the motor was run with benzol by 
expert chauffeurs on level ground, the exhaust 
contained 6 per cent. or 7 per cent. of CO,, 
and 14 per cent. of CO; while running up hill 
at a slower speed the exhaust contained 7 per cent. 
to 8 per cent. of CO,, 8 per cent. or 9 per cent. 
of CO, and further 2 per cent. of hydrogen. The 
combustion of benzol was thus incomplete; in 
tests that of acetylene proved to be complete. 
In the experiments of Keel, which favoured acety- 
lene, the motor had been run for maximum power, 
but not for best fuel efficiency. As regards the 
variation of the acetylene percentage in the air 
mixture, Keel stated that owing to the high pressures 
and temperatures produced in the cylinder, the 
admissible limits ranged from 1°5 per cent. to 
7°5 per cent. of acetylene ; Haber sets these limits 
at 3 per cent. and 5 per cent. With mixtures too 
poor in acetylene, there was noisy back-firing ; 
with rich mixtures, pinking. The pinking is 
generally ascribed to spontaneous pre-ignition of 
the mixture by the compression. Haber investi- 
gated this by driving his stationary internal- 
combustion motor by.the dynamo (acting then as 
electric motor) so that the stationary motor itself 
served as a gas pump, the Bosch magneto being 
cut out. These and other experiments showed that 
pre-ignition was not due to the compression, but 
to the over-heating of the gas mixture by the insu- 
lation of the plug electrode ; the insulating material 
cools less rapidly than the metal parts, and, when 
the insulation projected into the ignition zone, 
pre-ignition was observed to take place earlier, ac- 
cording to the richness of gas in the acetylene. When 
rich acetylene mixtures are to be used, the cooling 
water should be kept especially cold or water should 
be injected into the cylinder. The injected water 
then cools directly, and also indirectly by diluting 
the acetylene ; such a colder mixture is less liable 
to pre-ignition. It is difficult, however, to get the 
maximum power with pure acetylene, because a 
third of the air, not really required for the com- 
bustion,-is dragged as ballast through the engine, 
and the admixture of some other fuel is hence 
advisable. The fuel is then less ready to ignite 
and gives more heat per unit time without pinking. 
On these experiments, and also on the quantity- 
regulation by the Kerschbaum throttle-mixer a 
further communication is promised. By this 
device the quantity of fuel mixture is varied, whilst 
the quality—the percentage of acetylene—is kept 
constant. Since the adoption of this regulation, 
instead of varying the acetylene admission with 
a constant air feed, the Fiat motor has run well on 
acetylene fuel. 





MACHINERY AND SHIPBUILDING REQUISITES FOR 
Nantes.—As the result of a circular addressed to the 
industrial and commercial “‘ Syndicats” of Nantes by 
H.M. Consul at Nantes, with a view to securing business 
for British firms, information has been received that the 
president of a “‘ Syndicat ’’ would be pleased to receive 
names of English merchants who could enter into 
relations with firms belonging to his “ Syndicat, 
correspondence to be preferably in French. British 
therefore, interested in the supply of machinery 
or shipbuilding requisites can be furnished with the 
name and ad of the “Syndicat” on re. 
to the Department of Overseas Trade, 35, Old Queen 
street, S.W. 1, at the same time quoting the reference 
number, DOT /4609/F.W./P.N. 
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THE ROYAL AGRICULTURAL SOCIETY’S 
TRIALS OF AGRICULTURAL TRAC- 
TORS AND PLOUGHS. 


Tue trials of agricultural tractors and ploughs, 
carried out under the auspices of the Royal Agri- 
cultural Society, which commenced on the 28th ult. 
afford a very instructive demonstration of the 
capacities of the various classes of machines. There 
are seven classes affording scope for every type 
of machine, from the smallest self-contained plough 
to the double-engine ploughing set. Classes 1, 2 
and 3 are for direct traction internal-combustion 
engines not exceeding 24 h.p. and 30 h.p. respectively 
in the classes 1 and 2, and exceeding 30 h.p. in 
class 3. The horse-power is determined by a 
formula based on the declared revolutions and the 
piston area and stroke. Ploughs are standardised 
for each class, the number of furrows, &c., varying 
in the different classes to allow for the different 
power. 

The method of classification by such a formula 
seems open to improvement, as it is impossible 
to ensure that the competitor will actually run his 
engine at the revolutions declared. It is thus 
possible for a competitor to put identically the 
same engine into two different machines and rate 
them at different powers so as to them into 
different classes. In fact, it is interesting to note 
that the Austin Motor Company has a machine 
entered in class 1 and another in class 2, the 
description of which is identical, with the exception 
of the stated revolutions and, consequently, horse- 
power. In practice this objection may not be 
serious, and it will afford makers a chance of putting 
their vehicles into the class the ploughs of which 
are most suited to their powers. 

The whole question of the classification of engines 
is, however, a very difficult one. If based on 
cylinder dimensions only the extreme high speed 
engine gives the best results, although it is obviously 
the least suited for practical work. The only 
practical alternative appears to be to classify on 
the weight of the vehicle, and there are certain 
objections to this, especially in the case of trials of 
experimental machines, as the weight cannot be 
accurately ascertained till the vehicle is finished. 

Further classes are No. 4 for direct-traction 
steam plant, No. 5 for double-engine internal-com- 
bustion sets, No. 6 for double-engine steam sets, 
and No. 7 for self-propelled ploughs for not more 
than four furrows, 10 in. wide and 8 in. deep. 
The last class might have been hoped to produce 
a great variety of entries, including really small 
machines, but all the vehicles actually entered 
appear to be of moderate size, all ploughing either 
two or three furrows, the lowest declared weight 
being 3,360 Ib. and the highest 5,600 Ib. 

Forty-six entries were received, and on the 27th 
all except four had actually arrived on the ground— 
an unusually large proportion. Class 2, for tractors 
under 30 h:p., ploughing three furrows 10 in. wide, 
is the most popular, there being 22 entries in it. 
Class 1, for tractors under 24 h.p., to plough two 
furrows, has ten entries ; while class 3, for tractors 
over 30.h.p., to plough four furrows, has only three. 
It appears, therefore, to be considered that the 
tractor should be confined to a moderate-sized 
machine not ploughing more than three furrows, 
and this is probably a sound conclusion. 

Classes 4 and 6, for steam engines only, produced 
one entry each, while class 5, for double-engine, 
internal-combustion, produced two entries. Class 7, 
for self-propelled ploughs produced seven entries. 
Taking a general survey of the machines on the 
ground we find they follow certain generally-defined 
lines. Among the tractors the first main division 
is between those on wheels and those on caterpillar- 
type tracks. These machines will probably both 
find uses, but will be suitable for different 
Where it is practicable to use wheels the upkeep 
will certainly be lower than that of a track machine, 
as the wear and tear on the track of the latter is 
bound to be considerable. The track has a con- 
siderable number of pin joints which run close to 
the ground and therefore get lubricated principally 
with mud and dirt. On the other hand, there is 
no doubt that the caterpi of machine will 
travel on land which the wheeled type will not 





go over at all, and it will therefore serve purposes 
which the latter cannot. 

There is an alternative to either the ordinary 
wheeled vehicle or the track type which may 
develop in the future, but of which there is only 
one representative apparently in the present trials, 
namely, the machine which drives all the carrying 
wheels. This principle has been dev to a 
certain extent in motor vehicles, lorries all 
four wheels having been used for hauling howitzers 
in the late war. It was found that such vehicles 
were a@ great improvement on the ordinary lorry in 
going over bad ground for the reason that the front 
wheels were converted from being a liability into 
an asset. In other words, the ordinary vehicle 
has to push the front wheels along, whereas in the 
four-wheel drive the front wheels help to propel. 
With good spuds on the wheels and the latter 
of suitable diameter and width very bad ground 
indeed can be dealt with, the results actually 


approaching those attainable with the caterpillar | j 


t 

27 detail, tractors fall into two general types: 
(1). Those in which the whole of the machinery is 
built up in one block of castings, which therefore 
take the place of the frame. (2) Those in which 
there are separate units carried on a frame. The 
former should be a good deal the cheaper to manu- 
facture, and therefore if it is equally efficient will 
probably come into general use. There are many 
examples of both types on the trial ground. 

Although the engines operating by direct trac- 
tion will undoubtedly have a large field for their 
work it seems probable that there will still be a 
considerable future for the double engine set, which 
has many advantages in suitable places. It should 
manifestly be more economical for the engine to stay 
still and pull the plough with a rope, rather than 
that the engine and plough should both be moved. 
In addition an engine will move itself along a head- 
land when the ground is so bad that a plough could 
not be pulled direct across the field. The difficulty 
anticipated by some of the land being damaged by 
the passage of the engine over it is also overcome 
by the double engine system. Three sets of double- 
engine ploughing tackle are entered, and all are on 
the ground. 

Messrs. John Fowler and Co. (Leeds), Limited, 
have a steam set which is of their well-known pattern, 
but is distinctive in that it is of the simple, single- 
cylinder type in place of the compound to which 
we have got accustomed. The steam is superheated 
and a piston valve is used. It will be interesting 
to see the results of this in practice, for although 
it seems a retrogade.step, it is quite possible that 
for work with such varying loads and speeds as 
traction and ploughing a good non-compound engine 
supplied with superheated steam will show practical 
results as good as a compound-engine, taking wear 
and tear, &c., into consideration. 

Of greater interest are the two double engine sets 
of the internal-combustion type, constructed by 
Messrs. John Fowler (Leeds) and Messrs. J. and 
H. McLaren respectively. The former is a powerful 
machine each unit being a 60-h.p. petrol engine of 
conventional type mounted in the usual position 
in front with the shaft longitudinal. The winding 
drum is underneath the vehicle in the position 
familiar in the Fowler steam ploughs. The total 
weight is 6} tons. The general lay-out is on motor 
car lines, but the proportions, &¢., are much in 
accordance with traction engine experience. An elec- 
tric self starter is provided so that each engine can 
be stopped while the other is pulling. The whole 
appearance of the plant is very workmanlike and 
substantial. 

The McLaren set is a very much'lighter machine, 
each unit having a 32-h.p. engine mounted across the 
front. This drives a countershaft at a reduced speed 
and from this a countershaft at the back of the 
vehicle is driven by a long chain. From this counter- 
shaft the winding drum is driven by spur gear and 
the driving wheels by bevel gear and worm. 
drum is therefore mounted on a shaft across 
vehicle and the rope is led round a pulley 
neath it to get a fairlead to the plough. 
is on a very much lighter scale than the Fowler, 
the weight being 3} tons. 

This ploughing set also has arrangements for 
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It seems rather a pity that in connection with the 
trials now in are not made 
whereby the public can see more of the construction 
of the various competing machines. As there is a 
very great amount of room in the aerodrome where 
the vehicles are parked it seems that it might be 
possible to arrange some sort of stands at which 
makers representatives could explain the chief 
constructive features of the various vehicles 
entered for the trials. To those who take an intel- 
ligent interest in the development of agricultural 
machinery this provision would afford really valu- 
able information. 

The trials, which are being carried out at Aisthorpe 
near Lincoln, began, as we have stated, on the 28th 
ult. in the very of weather on the light land at 
the top of the chalk wolds. Very good progress was 
made, for there were enough ploughs, &c., provided 
for all the machines in classes 2 and 5 to be put to 
work at once. No results will be published by 
the committee till the trials are finished, but it 
appeared that all the machines in these two classes 
completed their light ploughing without an 
important incident. On Wednesday last, ‘the 29th 
ult., the trials were continued on the light land, 
and the competitors in classes 1, 3, 4, 6, and 7 
did their ploughing. Practically all the machines 
completed the work given them without difficulty. 

The weather up to the time of our writing, 
been brilliantly fine and the land, therefore, 
dry. As it is very light land situated at the 
of a hill the ploughing has been very easy and 
hardly been any real test of the engines, though i 
will, of course, give comparative results as to speed, 
fuel costs, &c., which will be published later. 

The machines will be more severely tested in the 
heavy land, the trials on which began ys 
the 30th ult. Although the fine weather is a great 
benefit to those who have to be present at the trials 
there would have been more technical interest if 
there had been some good heavy rain to make the 
conditions more severe. 


(To be continued.) 
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Triats or H.M.S. “ Rateron”: Enratim.—In the 
article on the trials of H.M.S. That Ce 
our last week's issue, page 418 ante, we s' near 
the third column, that au steering gear 

of the Hele-Shaw type was in the vessel. We 
been informed that the com: 
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TWIN-SCREW 


CHANNEL STEAMER “BRUGES” FOR THE G.E. RAILWAY SERVICE. 


CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, CLYDEBANK. 





THE twin-screw turbine Channel steamer ‘ 
of which we give a view above, has just been added 
to the fleet of the Great Eastern Railway Company. 
This steamer has been built by Messrs, John Brown 
and Co,, Limited, Clydebank, who also provided the 
ae machinery, &c. This vessel has been 
designed for the Harwich-Antwerp service, and in 
addition to passengers, has accommodation for horse 
traffic. Her principal dimensions are: Length on 
water line, 330 ft.; breadth, 43 ft.; depth to shelter 
deck, 26 ft.6 in, She is built to Lloyd’s special class. 
The passenger accommodation allows for 263 first-class 
and 102 second-class passengers being carried. 

The first-class dining saloon on the shelter deck 
forward has seating accommodation for 72 passengers, 
and is decorated in the Georgian style, the walls being 
painted grey and white ‘with the doors of polished 
mahogany. An electric ‘ Magicoal’’ fireplace is 
arranged at the foreend. Turkish rugs are laid over an 
oak uetry floor and sofa seats and chairs are up- 
holstered in tapestry, The first-class smoke-room is 
situated on the shelter deck between the forward and 
after funnel casings. It has a large domed skylight 
with leaded glass. The decorative style is Jacobean, 
the woodwork being in oak and upholstered in dark 
blue morocco. A feature of this room is a fireplace of 
Hopton wood stone with an armour bright grate on a 
brick red-tiled hearth. The first-class ladies’ room, 
situated on the main deck port side, is decorated in 
white with silk tapestry panels, and is fitted with a 
“ Magicoal”’ fireplace at the forward end. The first- 
class lounge is situated in the deckhouse on the boat 
deck, in way of the first-class entrance and stairway. 
The walls and ceiling are white enamel. The first-class 
state rooms are arranged in one, two, three and four- 
berth rooms on the shelter, main and lower decks. 

The second-class accommodation is. arra: at 
the aft end of the ship; the cabins on the main and 
lower decks; the dining saloon, which seats 40 passen- 
gets, on the main deck, and the ladies’ room on the 
shelter deck. The woodwork is finished in white 
enamel, while the sofas, chairs. &c., are upholstered 
in railway repp. The second-clags smoke-room is 
situated on the shelter deck aft. The floor is covered 
with inlaid corticene, and the sofas are upholstered in 
green pegamoid. The culinary arrangements are very 
complete, the main passenger galley being fitted up 
with an electrical installation comprising a large range, 
grill and toaster, in addition to the usual steam-heated 
appliances, Arrangements are made whereby 90 horses 
can be carried in separate stalls, and hatchways and 
gangways are designed to ensure safe handling and 
embarkation. 
ropelling:tmachinery consists of twin-screw 
wn-Ourtis turbines of the latest Re. 
supplied by steam from five single-ended boilers 





cylindrical return tube type, and a small donkey 
boiler; the speed of the vessel with full deadweight | more. 


on board was 21} knots on a trial of 6 hours’ duration. 





LABOUR TROUBLE: ITS IMMEDIATE 
CAUSE AND REMEDY. 
To tae Eprror or ENGINEERING. 

S1r,—I regret not being ready with my answer to 
“J. C. R.’s” criticism of my proposal in your issue of 
August 13; but I have been informed that a certain 
North of England industrial association has for some 
considerable time been running an employment scheme 
similar to that I pro , and with a certain measure 
of success. I am endeavouring to obtain some facts in 
connection with same, which, if I am successful, I trust 
you will allow me to lay before “ J.C. R.” and your other 
readers. 


Yours faithfully, 
“An EMPLOYER.” 





STRIKES. 
To THe Eprror or ENGINEERING. 

Srr,—The strictures contained in your issue of the 
17th inst, regarding strikes and the general conduct 
of workers in relation to wage questions, &c., induce 
me to express herewith an opinion as to another aspect 
of the situation. In your criticism, you adduce two 
primary causes, but it occurs to me that at least, in 
partial explanation of what we see enacted before us 
vader. another cause may be considered to be at 
work. 

Years ago, the two principal political jes never 
hesitated to invoke on their respective behalf the support 
of the working man’s vote when elections were pending. 
This kind of mancwuvre was bound ultimately to cause 
the veriest ignoramus to recognise that this undignified 
pandasing would lead to swelled heads om the part of 
those who were pandered to. What is more natural— 
but that with time the workers banat game hee wens 
strength being in such urgent demand to tilt the politi 
balance one way or another, they might as well combine 
amongst themselves, all the more so in view of the 
frequent non-materialisation of the promises held out 
to by the contending parties, who were simply out 
for vote-catching. And not only this, but the most 
serious resulting evil is, that by solidarity amongst 
themselves and by forming their own party, they not 
only more likely succeed in what they are pressing for, 
but it has come to the point of enab! to enforce 
demands in their more political aspect by the ultimatum 
of vast strikes affecting the very industrial and com- 
mercial fabric of the State. 

These despicable election mancuvres always reminded 
me more of a game of football than anything else, with 
the two contending prision) pontine as the teams, and 
workman's suffrage as the , to be alternately kicked 
or hu . The many deflations of the ball in the shape 
of political disillusions have brought about its trans- 
formation into a ej intractable compound, in fact 
into a third party'\of players, who now repay their 





former kickers in kind and decline to be hugged any 


I hold no brief for any particular one of this modern 
trio, but the politicians have certainly used the workers 
merely for what @ German would tersely call ‘‘ Stimm- 
Vieh ” (voting-cattle), and we are at the t time 
reaping the rotten harvest of warped political honesty 
and vote-catching. Neither can anyone wish for a 
moment to defend what is so obviousl 
chronic disputes and the harm they do to public and 
private business and life. And it is too late now for 
these political mountebanks and office seekers of the 

riod complained of to meee regrets, but let there 

no mistake about their chickens having come home 
to roost. 

On the other hand, if personal observation does not 
deceive me, and alas, I fear it does not, the workers 
have in many cases laid themselves open to the reproach 
that, in spite of my og eny increased wages, the 

uctive wer not proportionate , 
Ls ges eh Hse it worse is thet the quality of the 
work is so much inferior to what it was in pre-war times. 
There is a deplorable lack amongst workmen of taking 
the slightest interest in their masters’ under- 
takings, of a voluntary loyalty and rness to make 
sure of their success, and this shortsighted conduct, 
if not checked, is not conducive to establish a prosperous 
future. 


wrong in these 


Very candidly yours, 
** NEUTRAL. 


September 23, 1920. 





THe Farvre or METALS UNDER INTERNAL OR PRO- 
LONGED Srress.—The Faraday Society, Institution of 
Mechanical Engi the Institute of Metals, and pro- 
bably also the Iron and Steel Institute, contemplate 
holding, early in 1921, a joint general discussion on 
“The Failure of Metals under Internal or Prolonged 
Stress.” ile various aspects of the subject have 
already been discussed, some new matter will be placed 
at the of the co-operating societies later in 
the year, and it is thought that this will afford an oppor- 
tunity for a more comprehensive consideration of the 
subject than has yet been given to it. The problem 
to be discussed is the failure of metal articles as a result 
either of external stresses to which they have been 
exposed for eny length of time, or of internal stresses 
arising from conditions of manufacture, such as cold 
work, unequal expansion or contraction during casting 
and subsequent operations, including rapid heating 
and cooling. It is intended that the subject of the 
discussion should include the phenomena known 4s 
“season cracking,” “‘ corrosion cracking,” “fire crack- 
ing,” and analogous forms of failure, and that iron and 
steel as well as non-ferrous metals should be dealt with. 
The scope of the discussion would permit of contributions 
relating to the properties and behaviour of materials 
other than metals which might throw light on the 
phenomena covered by the title. Anyone desirous of 
contributing to this discussion is asked to communicate 
with the Secretary of the Joint Committee, Mr. F. 8. 
Spiers, 10, Essex-street, London, W.C. 2. 
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which i for a worki ure of 215 Ib. | which would economise the sensible heat in the and, 
THE P. AND O. LINER “NALDERA.” — work pry wden system of |further, would minimise the fuel shanthed ia bomaias 


(Concluded from page 279.) 

Havtne described the general features of the P. and O. 
liner Naldera in our issue of A 27 last, on 
page 278, we now propose to concl our account of 
the vessel by dealing with the propelling and auxili 
machinery. The former comprises two sets of quad- 
ruple e ion reci i engines Messrs. 
Caird and Co., Limited, the builders of the vessel, 
to the specification of Mr. R. Leslie, the super- 
intendent engineer of the P. and O. Company. In 
Figs. 16 and 17 on Plate LVIII, which accompanies 
this issue, we reproduce side and end elevations 
of the port set of engines, which, together with the 
corresponding starboard set, develop a total of 15,000 
indicated horse-power when running at 90 r.p.m., 
and supplied with steam at 215 lb. per square 
inch in working pressure. This power is sufficient to 
give the ship a speed of about 18} knots. There are no 
very unusual features in the design of these engines, 
but the drawings on Plate LVIII are nevertheless well 
worthy of careful scrutiny by students of marine 
engineering, since the engines form an _ excellent 
example of modern practice in this class of machinery. 

The diameters of the cylinders are all given on Fig. 16, 
so that they need not be repeated here, but it should 
be stated that the piston stroke is 5 ft. in each case. 
Fig. 16 also shows the arrangement of the cylinders, 
and it should be noted that the high pressure cylinder, 
which is placed as usual at the forward end, is followed 
by the low-pressure cylinder. Adjoining this is the 
second intermediate cylinder, while the first inter- 
mediate cylinder is situated at the after end. The 
castings forming each cylinder and steam chest are 
kept separate, but the cast-iron box columns on which 
they are supported are connected by box-shaped 
beams at their upper ends, asshown. The hollowspace 
inside the columns, it may be mentioned, is utilised 
for the storage of lubricating oil. 

Steam distribution to the high-pressure ahd first inter- 
mediate pressure cylinder is controlled by a single 
piston valve in each case, whilé two similar valves are 
employed for the second intermediate-pressure cylinder 
and a double-ported, flat slide valve is used for the 
low-pressure cylinder; all the piston valves work in 
cast-iron liners. The valves are all operated by double 
bar link motion and the travel of each is given on 
Fig. 16. Reversing is effected by a Brown direct- 
acting steam and hydraulic engine shown to the left 
of the column supporting the low-pressure cylinder in 
Fig. 16, and also indicated by dotted lines near the 
right-hand bottom corner of Fig. 17. This figure also 
shows the design of the crossheads and guides. The 
latter, it should be mentioned, are all water-cooled, 
while the crossheads are fitted with double shoes of 
cast-iron lined with white metal. The engines are 
balanced on the Yarrow-Schlick-Tweedy system, and 
the crankshaft runs in seven bearings. The bedplate 
is of box form cast in sections and bolted together 
as shown in Fig. 16. The thrust blocks, which are of 
the usual type and have 14 collars each, are bolted to 
the engine seating, but are separated from the bedplate. 
The propeller shafting of forged ingot steel is 19% in. 
in diameter, and the propellers are 19 ft. in diameter 
and of 24 ft. pitch. Each propeller has three blades of 
manganese bronze, the surface of each blade having an 
area of 92-75 sq. ft. 

The main condensers, which are mounted on the 
engine columns, as shown in Figs. 16 and 17, are of the 
Weir “ Uniflux” type, each having a cooling surface 
of 7,500 sq. ft. The condensate is handled by “‘ Dual” 
air pumps, also by Messrs. Weir, and the cooling water 
is circulated in each condenser by two Tangye centri- 
fugal pumps. With cooling water at a temperature of 
83 deg. Fahr. the whole plant is capable of maintaining 
a 26-in. vacuum. There are three Weir double-acting 
feed pumps working in conjunction with a direct 
contact heater by the same firm, and the feed make-up 
for the main boilers is supplied by two evaporators 
each having a capacity of 40 tons daily. The remaining 
auxiliaries in the engine room, all of which are indepen- 
dent of the main engines, include the usual ballast, 
bilge and sanitary pumps, a fresh-water pump, main 
and auxiliary feed-water filters, and a waste oil pump 
which draws oil from the tunnel bearings. 

Steam is generated by 10 boilers of the ordinary 
marine type arranged in two boiler rooms, as shown in 
the plan of the orlop deck, Fig. 10, on page 279, in 
our issue of August 27 last. The forward boiler 
room contains four single-ended and two double-ended 
boilers, while the after boiler room contains two double- 
ended and two single-ended boilers. The double- 
ended boilers are each 16 ft. 6 in. in diameter by 20 ft. 
long, and have four furnaces at each end, while the 
dimensions of the single-ended boilers are 15 ft. 2 in. 
in diameter by 11 ft. 9 in. long. The latter have three 
furnaces each, so that there are 50 furnaces in all, with 
a total grate area of 958 sq. ft. The total heating 
surface of the 10 boilers is 39,628 sq. ft. The boilers, 


square 

Lond draught, air being supplied by four fans each 
driven by a separate electric motor. There are also 
four 42-in. electrically-driven fans for ventilating the 
engine and boiler rooms, and the engine-room fans are 
arranged so that they can be used either to deliver air 
to or extract it from the engine room. Two Stone’s 
hydraulic ash expellers, the water for which is suppli 
by a turbine-driven pump, are fitted, and an ash 
is also provided in each boiler room. 

The electric generating plant is situated in a recess 
at the after end of the engine room, and consists of 


Siemens generators. The entire plant has an output 
of about 280 kw. at 105 volts, and was supplied by 
Messrs. Siemens, Brothers, Limited, who carried out the 
whole of the electrical installation. This includes some 
3,000 lamps and over 800 cabin fans, as well as electric- 
ally -operated lifts, galley machinery and gymnasium 
appliances. An emergency generating set driven by 
an oil engine and having an output of about 15 kw., 
is mounted on the promenade deck. This set supplies 
power to a motor driving a two-throw pump, which 
can be used for pumping out the bilge in case of emer- 
gency. On the orlop deck, at the after end of the engine- 
room, a Haslam duplex CO, refrigerating machine is 
installed for cooling the provision chambers, and a 
larger machine, of the same type, is situated on the 
lower deck near the forward end of No. 1 boiler-room 
for cooling the insulated cargo spaces. The steering gear 
is installed in the after peak on the lower deck, and it 
comprises a steam tiller controlled by telemotor from 
the bridge or by hand gear from the after end of the 
promenade deck. A hydraulic auxiliary steering gear 
is also provided. 

The Naldera left Tilbury on her maiden voyage to 
India and Australia on April 10 last, arriving at Sydney 
on May 24 without any noteworthy incident. The 
return journey occupied from June 8 to July 6. In 
conclusion we may remind our readers that Messrs. 
Caird’s shipbuilding yard was acquired by Messrs. 
Harland and Wolff, Limited, some few years ago, and 
as the Naldera is the eighty-fifth vessel built at the 
Greenock Yard for the P. and O. Company, and a 
number of important P. and O. ships have also 
emanated from the Belfast Yard, the ship may be 
regarded as @ connecting link between the two firms. 





CLEANING BLAST-FURNACE GAS. 
Rough-Cleaning of Blast-Furnace Gas at Skinningrove 
by the Lodge Electrostatic Process.* 

By A. Hutrcuinson and E. Bury, Skinningrove. 
PREFACE. 


THE ultimate rough cleaning of blast-furnace gas at 

Skinningrove for use in stoves, boilers and other com- 
bustion processes has always been an essential considera- 
tion during the last ten years as making for fuel economy 
in the production of iron and steel. If a process could 
be found whereby the gas could be adequately cleaned 
for combustion processes (excepting, of course, the gas- 
driven power station) without loss of the sensible heat 
contained in the blast-furnace gas, it was consi 
that a valuable fuel asset would be secured towards 
making the iron, steel and by-product coking plant 
self-contained from the coke carbonised in the latter. 
The other palpable advantages to be derived from 
using cleaned are as follows :— 
1. Greater thermal efficiency at the stoves, boilers 
and other furnaces where the cleaned would be 
utilised, by preventing heavy deposits in flues, checkers 
and regenerators. 


2. More profitable use of capital in obviating the 
laying-off of plant for cleaning. ‘ 
3. uction in labour employed for cleaning stoves, 


boilers and checkers. 


4. The preservation of the firebrick construction 
from ati by alkalies contained in the blast-furnace 
dust 


5. The saving in gaseous fuel consumed at the afore- 
mentioned plant by the greater thermal efficiency 
of the blast-furnace gas. on util 

In seeking these economies the main difficulty lay 
in the fact that existing rough-cleaning Rreseveen did 
not economise the sensible heat in the blast-furnace 
gas which it was desired to preserve. In the case of 
water-washi processes, not only was the sensible 
heat in the gas lost, but further fuel had to be expended 
in pumping the huge volumes of water required for 
the dust removal. In the case of filter cleaners employing 
filtering media of combustible textile fabric, t gee 
had likewise to be cooled to prevent damage to the 
filters and then reheated beyond its dew-point to prevent 
deposition of slime upon the filters, which would other- 
wise become choked. In both t of cleaner fans 
had 10 be employed for forcing the gas through the 
plant, involving a further expenditure of power in fuel. 


HisToRIcAuL. 


“Under the above bares it was beni pa to 
postpone the question of rough cleaning until some 
het mg was devised which would vide against the 
above-mentioned disabilities—that is to say, a process 


* Paper read before the Iron and Steel Institute at 








Cardiff, on Wednesday, September 22, 1920. 


six Bellis and Morcom compound engines driving | static 





water and in moving the 


system. 

ing the latter of the war the matter again 
onan itself very forcibly for consideration on two 
counts :— 


the preupinetion ion of chemical and mnehagon fume, 
and in Great Britain for the peepee sulphuric 
acid fume at H.M. explosive factories. 

2. The national of 


dust at Skinningrove in i 

The ibility of cleaning dusty by electro- 
i had been raised by Sir Oliver Lodge 

as far back as 1882 and more recently. had 


ts 
A . J. E. Stead 
i bilities at Skinningrove 
with the late Mr. T, C. H i . ing director ; 
but the matter was not gone into further until Sir A. B. 
Gridley, Director of Electrical iy pes at the ag | 
of Munitions, called attention to the success which 
attended electrostatic precipitation in the United States, 
which, however, had onl, ss applied in that country 
on & very small scale to blast-furnace gas. The authors 
th pon di d the possibility of the successful 
ceEreeene of electrostatic methods for Cleveland 
blast-furnace gas with the late Mr. Greville Jones of 
Port Clarence, and together finally decided that Messrs. 
Bell Brothers and the Skinningrove Company should 
erect a semi-large-scale plant at Skinningrove employing 
the discharge system invented by, Sir Oliver Lodge. 
The plant designed for these trials was erected and put 
to work early in 1917, and consisted of two nests of 
vertical pipes in series, after the manner of a tubular 
condenser. In the centre of each pipe was suspended 
a vertical rod on which horizontal discs were placed at 
intervals of 6 in. The dises were cut radially from 
the centre and the segments twisted propeller-wise, in 
order to give a maximum edge for discharge. The 
electric discharge, 40,000 volts, was thro 
insulators to the vertical rod, and thence through 
dises to the inner surface of the pi The gas was 
between the periphery of the discs and the 
surface of the pipe, thus coming under the influence 
of the discharge, the dust deposit taking place upon 
the pipe surface. 

The a of gas through this apparatus was 
varied from 40,000 cub. ft. to 80,000 cub. ft. per hour, 
according to the degree of cleanliness required in the 
gas issuing from the apparatus. The cleaned cone 
tained from 0-2 gramme to 0-5 pee per cubic metre 
according to the rate of flow, the dust content on the 
dirty gas being 4 mmes to 5 grammes per cubic 
metre. These experiments were conducted on from 
the downcomers, under normal furnace conditions of 
temperature, pressure, dust and water content, &., 
and convi the authors that the method could be 
successfully applied on the seale, if due regard 
were paid to careful direction of the gas flows over the 





d surfaces, with a similar lation of the 
electric from all points. eir conclusions 
were shared by Mr. Greville Jones, whose collaboration 


they had the misfortune to lose through death, shortly 
after the completion of this series of experiments. -The 
investigation was ied out over a period of three 
months, upon which it was decided to erect a plant 
for the treatment of the entire make of blast-furnace 
oe, fe from 3,000 tons to 3/500 tons of pig-iron per 
week. 
GENERAL CONSIDERATIONS. 

In the design of the large-scale plant, very little 
data existed as a guide beyond the vital importance 
of carefully regulated gas and electric flow and a maxi- 
mum s8' limit of gas flow of 3 ft. persecond. Further- 
more, there was no standard degree of gas cleaning 
which could be fixed to rantee clean stoves, boilers 
and checkers. In determining the size of veges tay ay 
to be employed, it was for obvious reasons des to 
keep the capital expenditure within the limit —_ 
for rough cleaning, bearing in mind that the 
plant for the gas-driven power station at the works was 
already in existence and would always have to be 
employed to wash and cool the proportion of the gas 
required for that purpose. All that was necessary, 
therefore, was to clean the gas nately for stoves, 
boilers and other furnace work, and for these Fare pn 
0-3 gramme of dust per cubic metre in the cleaned gas 
was ultimately fixed as an arbitrary standard. Recent 
investigation at Continental works, where rough water 
washing for stove and boiler use is almost universally 
employed, has shown that the desired end can be obtained 
by a higher dust content in the cleaned gas, instances 
being on record where stoves had not been cleaned for 
five years with a dust content of approximately 1 gramme 
per cubic metre in the water-washed gas. The arbitrary 
standard of 0-3 gramme per cubic metre was therefore 
well on the safe side, and there would be no point in 
increasing the capital expenditure on plant with the 
object o: reducing the dust in the nal to below that 
figure, so far as boilers, stoves and aces were con- 
cerned. Since the start of the full-sized electrostatic 

lant at Skinningrove last Easter, the dust content has 

m reduced from 5 grammes to 6 grammes per cubic 
metre in the raw to 0:8 mme to 1-1 gramme 
in the cleaned product, at which figure no deposit of 
dust has taken place in the flues since the plant started 
work. It should be specially mentioned that this result 
has been attained with 15 per cent. to 20 per cent. of 
the electrostatic plant out of action owing to difficulty 
in obtaining electrical equipment, » transformers, 
&c. With the complete planc at work it is expected to 
maintain the dust in the cleared gas at 0+5 gramme 
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to 0-7 gramme per cubic mevre, which will serve amply 
the purpose for which the plant was erected. 

In the foregoing, reference has been made to the vital 
necessity of carefully regulated gas flows as being essential 
to successful electrostatic treatment—a statement which 
demands great em jis. It has to be remembered that 
in this method o fre cleaning the gas passes without 
restriction of any kind t nests of rods and plates, 
which are pgm ary 4 and offer no resistance to this 
gas as in the case of or powerful sprays of water. 
The danger of gas slipping through the treatment 
chambers uncleaned is therefore much greater in electro- 
static methods than is the case with water spraying or 
filtration plant. Recognising this difficulty, the electro- 
static plant at ep te was designed to _ up 
the make and flow gh 16 cleaning units, further 
subdividing the flow in each chamber through adjustable 
bafflers, so that the gas would flow evenly over the 
discharge grids both in horizontal and vert’ planes, 
As a further precaution the inlet of each chamber was 
desi 80 as to deliver the equally over the vertical 
and horizontal planes of the di igh, Ageerene a similar 
arrangement being adopted at the chamber outlet 
in collecting the gas for delivery into the clean gas main. 
It was elected to regulate the flow of through each 
chamber by adjusting the outlet ve which, being 
clean, would not clog up and upset the gas flows. 

] importance is the equalisation of the electro- 
static field throughout the chambers, since any short- 
circuiting would militate against equal treatment of 


















































the gaseous atmosphere. The Lodge Fume Company, 
who are responsible for the electrical equipment of the 
plant, have provided inst this eventuality by supply- 
ing each chamber with two sets of discharge grids in 
series, each with its own transformer set. h set of 
grids is provided with 7,000 discharge points, that is 
14,000 points to each chamber, so the electrostatic field 
is as evenly distributed throughout the chambers as 
conceivable. Short circuiting has taken place from time 
to time, but has invariably pay the result of irregular 
cleaning of the grids: such difficulties will disappear as 
the practice becomes standardised. 

The authors regard the above considerations as of the 
utmost. importance in the successful application of 
electrostatic methods to cleaning blast-furnace or any 
other gas. 

Fears have been expressed in some quarters, indeed 
at last year’s September meeting of this Institute, that 
the risks of explosion were t in ing electric 
discharges through a combustible gas, in the event of 
sparking. This would certainly be the case if the gas 
were mixed with air so as to provide an explosive mixture. 
It so happens, however, that the whole system is under 
pressure from the furnaces, and air admixture is impos- 
sible unless minus ures are incurred. Against the 
latter eventuality there has been provided an automatic 
switch which cuts off the discharge in the event of 
dangerous minus pressures. Under no circumstances 
has an explosive condition b»en approached in the main 
system, although care must Le exercised when ‘‘ bleeding 
out ” individual chambers (i.¢., replacing gas by air for 
cleaning purposes) to cut off the electric discharge. 
Through neglect of this precaution a few weak explosions 
have occurred, which, however, were perfectly harmless. 


Lay-Ovur anp CoNnsTRUCTION. 
The peemerenen of “ t has been dealt ~ 
very fully by Mr. Arno A hy ogre -in-charge, 
a further section of this paper, but following points 
uire 8 emphasis :— 
laying out the electrostatic mstallation regard 
had to be had to the fact that a new and unknown factor 
was being int into the gas system i 
the w of the works (blast furnaces, steel works, 
eoke ovens and power-house) was dependent. 
decided, therefore, to attach this plant to a by-pass 





flue in order that it mi be possible to revert to the 
old dirty gas supply in the event of trouble, pending the 
standardisation of the new practice. It has only been 
necessary to by-pass the tatic plant on one 
oceasion ; that was when making improvements to the 
dust-removal Nevertheless it is strongly recom- 
mended that the electrostatic system should be placed 
on a by-pass flue, especially where all sections of the 
works are interdependent, as at Skinningrove. To 
make this policy complete, flues and pipe connections 
have been built so that stoves, boilers and power gas- 
washing plant can be ied instantly either with 
electrostatically-cleaned ee or dirty gas. 

As indicated. above, the electrostatic plant itself is 
divided into 16 cleaning units, each with two discharge 
grids placed in series. This multiplicity of chambers was 
adopted, as already stated, to ensure maximum contact 
between the electrostatic discharge and the gas to be 
cleaned, by splitting up the flow into multiple 
streams ; also to avoid passing large quantities of dirty 
gas into the system when cleaning the chambers (duri 
which operation the discharge must be cut off), which 
would have been the case if a smaller number of larger 
chambers had been employed. The same remarks 
spply to chambers off for electrical repair or alterations. 

he 32 transformer sets are placed in a building 
immediately above the cleaning chambers, so as to 
shorten the lead of high tension cable conveying the 
uni-directional current to the discharge grids in the 
cleaning chambers, thereby reducing the amount of 





























have especially to thank Mr. J. H. Brown, joint managing 
director, and Mr. John Elcoate, of ‘Middlesbrough, for 
the excellence of their work and the manner in which 
their contract was fulfilled. 


CONSTRUCTION. 


The building, which is 128 ft. long, 31 ft. wide, and 
65 ft. high, consists of three entirely distinct ferro- 
concrete structures, viz. :— 

(a) A bridge over the slag loco. tunnel, giving a head 
room above rails of 13 ft. 8 in. On the deck of this 
bridge are two scraper conveyors for moving the dust 
from the 32 hopper valves to the storage and mixing 
tanks, situated under the far end of the bridge. Resting 
on the web girders of this ig but not ou cemge | 
attached to it, are the dust depositing chambers, B, 
allowance for their independent expansion under the 
influence of the hot gases being made by means of 
cast-iron sliding shoes and seats at x x (Fig. 2). 

The chambers, 16 in number, are each 31 ft. long, 
7 ft. 6 in. wide, and 23 ft. high from the hopper mouth 
to roof. Baffle plates at the top and bottom of either 
end restrict, however, the available height for the passage 
of the gas to 10 ft. 6 in. Each chamber is provided 
with an inlet valve D, 3 ft. in diameter, and a double 
outlet valve E, composed of a set of sliding grids F for 
regulating the amount of gas passing the chamber, and 
a@ mushroom valve G, direct on the clean gas main. 

There are four explosion doors at either end H, a 
manhole with explosion door in the roof J, and a dust 
discharge valve in each of the two dust bins with 
which each chamber is provided. These bins have a 
capacity of about three-quarters of a ton of dust. The 
hot dirty gas passes to the chambers from the old under- 
ground dirty main by a vertical circular ferro-concrete 
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Fic. 2. SrorronaL ELEvATION oF PLANT. 
electrical leakage to a minimum. By this disposition; horizontal main L, rectangular in section, to the 


of electrical plant the current consumption has been 
kept down to 50 kw. for treating the entire make of gas 
from 3,000 tons pig-iron per week. 

Each cleaning chamber is provided with two cleaning 
hoppers, situated under their respective discharge grids. 
Each grid is provided with rapper gear, operated by 
levers, which during the cleaning operations shakes 
the discharge plates and precipitates the dust into 
the hoppers, whence it is removed by scraper conveyors 
to the potash extraction plant. The operation of 
cleaning each chamber takes place every 8 hours, for 
which purpose the and current are cut off, the 
discharge plates rapped, and the dust withdrawn from 
the hoppers to the conveyors. Fig. 1 shows one-half 
of a cleaning chamber. 

The potash extraction plant, which is described fully 
in a further section of this paper by Mr. Olle Ollander, 
chemical works manager, and Mr. Frank Bainbridge, 
chief chemist, consists of mixers for lixiviating the 
soluble salts from the dust (chlorides of potassium, 
sodium, calcium), revolving filters for se rating the 
insoluble matter from the solution of chlorides (designed 
by Mr. Ollander), and two Kestner evaporators. 

(a) Removing by fractional crystallisation the potas- 
sium and sodium chlorides from the calcium chloride. 

(6) Separating by fractional crystallisation 
potassium and sodium chlorides. 

The erection of the plant was commenced during the 
latter period of the war, when constructional steel was 
practically unobtainable. On this account the authors 
were forced to construct the gas chambers, gas mains, 
transformer and buildings of ferro-concrete. In 
the beginning they had doubts as to the ability of ferro- 
concrete to stand temperatures up to 250 deg. C.; 
but having submitted slabs of ferro-concrete of the 
composition it was proposed to employ to similar tempera- 
tures over considerable periods of time without ill effect, 
it was decided to adopt this material in the construction 
throughout. The authors are gratified to state that the 
work withstood these temperatures without leakage 
and with a minimum of cracking. They would not now 
hesitate to employ ferro-concrete for similar work at 
temperatures ranging to 300 deg. C. The design of the 

rro-concrete constru was in the hands of the 
Simon-Carves Company, of Manchester, and the authors 


the 





chambers. This main is provided with hoppers and dust 
shoots, leading down to the gangway, opposite the end 
of each chamber, so that it can be cleaned of dust, 
without interrupting the operation of the plant, It is 
built in six sections with telescopic joints to allow for 
expansion, and is carried on cantilevers, on some of 
which it is free to slide during expansion. 

The cleaned gas leaves the chambers by a circular 
main M, with similar provision for expansion. 

Above the chambers is the insulator floor N, carrying 
the insulators 8, which transfer the current from the 
Lodge high-voltage transformers O in the transformer 
house C. The hammer gear for vibrating the plate 
electrodes in the chambers is shown at P and R. ach 
chamber is furnished with two electrical units, each 
consisting of a transforming set, in the transformer 
house and a set of plate electrodes, 85 in number. 

At the time the plant was projected it was almost 
impossible to obtain plates, and it was decided to use 
ferro-concrete for the structure, a further advantage 
being that there would be much less radiation than 
with steel plates. In view of the high temperature 
in the chambers, rising at times to the neighbourhood 
of 300 deg. C., which would occasion heavy stresses, 
exceptional care was taken in the design and construction 
of the ferro-conerete. As an example of this the partition 
walls between the chambers contain four times as much 
steel as an ordinary ferro-concrete wall double the 
thickness. The concrete consisted of one rt best 
cement, 10 per cent. of its weight of slaked lime, two 

rts of sharp sand, and two parts of hard burnt red 

icks or old coke-oven brick. 

On the start-up of the plant the expansion of the 
building was carefully observed, and during the first 
day did not exceed more than a quarter of an inch, from 
the centre to each end. (The three structures are 
locked on the centre line, between chambers Nos. 7 
and 8.) Since then further expansion to. the extent of 
one-eighth of an inch has taken place, and the limit 
seems to have now been reached. 

During the course of the first day several eracks 
a) mainly in the region where the hot dirty gas 
enters the plant. Since t other cracks have de- 
veloped, but in every case they are symmetrically 
disposed, and it was satisfactory to note that during 
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the short shut-down at Whit-week almost the whole 
of the cracks closed up to such an extent as to be 
practically invisible. In constructing similar chambers 
such cracks could probably be entirely obviated 
by dividing the steel reinforcement, placing half near 
the outer surface of the concrete, and the other half 
near the inner surface. A contributory cause of the 
cracking is that the sliding shoes are of too stiff a type, 
and an improvement could readily be made here. 
As a matter of precaution tie rods have been placed 
above the roof of the chambers and between the column 
tops. ‘ 


EXTRACTION OF PoTAsH FROM DeEpostrep Five Dust. 


Theoretical Considerations.—The soluble constituents 
of the flue dust obtained from the electrostatic plant 
at ere gr = ete Ironworks are almost entirely in the 
form of chlorides, only very minute traces of sulphate 
being present and carbonate and cyanide not at all. 
The average analysis is as follows :— 


Per Cent. 
Soluble potassium chloride 20 -0* 
Soluble sodium chloride 8-0 
Soluble calcium chloride 7-0 


On this account the separation of pure potassium chloride 
presented few difficulties. 

The method of separation finally decided upon is 
divided into two stages :— 

1. Separation of the sodium and potassium chloride 
from the calcium chloride as a mixed salt. 

2. Separation of the potassium chloride from the 
sodium chloride. 

The first stage is accomplished by direct evaporation, 


no actual measurements have been made it is bable 
that they are curves which differ but slightly from 
straight lines.* 

An extraction of Skinningrove flue dust is shown by 
the chain line. On evaporating this solution no crystals 
are deposited until a density of 46 deg. Twaddel is 
obtained. This is shown on the diagram by the inter- 
section of line X and H5C5 when the solution is saturated 
pont meme chloride. If evaporation be now con- 
tin potassium chloride crystallises out until a density 
of 49-5 deg. Twaddel is obtained, the composition of the 
solution e ing as shown on the diagram by the line 
joining the poimt of intersection with H5, at which point 
the solution is saturated with both salts, and if the 
evaporation were continued a mixed salt would be 
thrown out. At this point, however, the solution is 
cooled and potassium chloride crystallises out according 
to the horizontal line H5 G, which, it will be seen, cuts 
all the saturated lines at points which show a saturation 
for potassium chloride but not for sodium chloride, 
finally reaching the point G on the 250 deg. C. line, 
which is the lowest temperature in actual practice. On 
reheating the solution no crystals are obtained until 





the point gq is reached, at which point the solution is 


from soluble salts, is transferred wy 
to railway trucks outside the bw 
returned to the blast furnaces. The liquors from tlie 
four drums are drawn off by vacuum into separate 
suction tanks and from there delivered intermittently 
to the respective sto: tanks. The strongest liquor, 
of about 32 deg. Twaddel, from No, 1 drum, is filteréd 
through a sand filter and then delivered to the pre- 
liminary evaporator: The liquor from No. 2 drum 
goes to the slurry tanks, the liquor from No. 3 drum is 
used for washing in No. 2, and from No 4 drum for 
washing in No. 3, and No. 4 receives water. 
E ion and C ion containing KCl, NaCi 
and CaCl.—The strong liquor of about 32 deg. Twaddél is 
transferred to the feed tank F for the prelim evapo- 
rator, where it is heated toy tnidinete oteanis anid thee con- 
tinuously fed into a Kestner type evaporator G, 
in which the se jon of the sodium and potassium 
chloride from the caletum ide takes place. The 
crystallisation starts at about 62 . Twaddel and 
continues to about 94 deg. Twaddel, and the salt is 
periodically drawn off on to a vacuum filter, where it is 
washed once with liquor from No. 2 evaporator in order 
to free it from any mother liquor containing ium 
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and is rende possible by reason of the extreme solu- 
bility of calcium chloride as compared with the solubility 
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of sodium and potassium chloride, 31-7 kg. of calcium 
chloride requiring rather less than 49-1 kg. of water 
for solution. If, therefore, the “strong liquor” be 
evaporated to this concentration and coo 90 per 
cent. of the potassium chloride and sodium chloride will 
be thrown out of solution. It is possible further to 
reduce the KCl and NaCl content of the liquor, but 
as the calcium chloride may be used to remove the 
carbonate from alkali carbonate bearing flue dusts by 
double composition there is no need to endanger the 
purity of the mixed crystals by further concentration. 

The second separation is based on a series of cooling 
curves constructed from the data obtained by Precht, 
Wittgen, Rudorff, and Nichol, as follows :— 


Solubility in Grammes per 100 Grammes of Water. 


Deg. C. KCl. Nal. 
Bee 11-2 30-0 
25 15-8 29-0 
50 22-0 © 277 
70 27-3 96-8 
80 30-0 26+4 
100 34-7 25-8 


—from which it will be seen that the solubility of potas- 
sium chloride increases with the temperature while 
the solubility of the sodium chloride reases. The 
saturation points from 0 deg. to 100 deg. C. are shown 
in the equilibrium curves di m (Fig. 3). 

In this diagram the weight of NaCl in the solution 
per 100 parts of water is measured along the vertical 
axis, and that of KCl the horizontal axis. 
points D1, D2, D3, D4 and D5, represent the composition 
of solutions saturated with Ni at 0 deg., 25 deg., 
50 deg., 75 deg. and 100 deg. C. respectively ; the points 
Cl, C2, C3, C4 and C5, that of solutions sat: with 
KCl; and the points Hl, H2, H3, H4 and H5, that of 
solutions saturated with both salts. The lines D1 to Hl, 
&e., ees the composition of solutions saturated 
with KCl, which contam varying amounts of NaCl, 
It is assumed that all these lines are straight, and although 


* More recent. analyses of dust taken from the full- 
scale t show a considerably higher percentage of 





potassium chloride than this. 
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saturated with sodium chloride but not with potassium 
chloride. Evaporating further, sodium chloride will 
be deposited according to the line g H5, and if the solution 
be filtered hot to remove the sodium chloride, potassium 
chloride again crystallises out on cooling, the operations 
now becoming a cycle, in which, whenever the points 
G, q, or H5 respectively are reached, the composition of 
the solution is the same as at the same poimt in the 
preceding cycle, the bulk only being reduced. 


Ex?Raction or Potasn rrom Depostrep 
Five Dust. 

The dry dust from the conveyor is lixiviated with 
water or wash liquor as it falls from the conveyor chute 
into the concrete slurry tanks A (Fig. 4) below the electro- 
static plant. In order to prevent any settling this 
slurry is circulated continuously through the chute, 
thus producing an intimate mixture, only enough water 
or liquor being added to produce a slurry thin enough 
to be pumped through the circulating system and to the 
mixers B. In the mixers, which are steel vessels of 
about 800 gallons capacity and provided with efficient 
stirring arrangements, the slurry is boiled and then 
continuously run down on to @ ies of revolving 
vacuum filter drums 1, 2, 3 and 4, situated below the 
mixer. The filter drums, which are 3 ft. 6 in. diameter 
and 7 ft. 6 in, long, are built of oak laths, 3 in. apart, 
covered with a strong wire net, which carries the filter 
cloth. To protect the cloth a pin. steel wire is spiraliy 
wound round the drums, which are driven by a worm 

, and revolve at 2 r.p.m. The wells in which the 
reins revolve are built in concrete with a cast-iron 
front, and in order to prevent any settling they are made 
cape 98 with a stirrer pete along the bottom. 
The dried cake containing about per cent. moisture 
is cut off by a steel knife placed in such a position that 
the cake flaked off from one drum falls into the well of 
the next, where it is each time boiled with a weaker 
liquor. By having four drums four consecutive washings 

th liquor of falling strength are obtained, the last 
washing being done with water ; and the last cake, free 


*See Blasdale, Journal of Industry and Engineering 
Chemistry. 
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chloride. When the saturation point of the three salts 

is reached, which occurs at about 94 deg. Twaddel, the 

evaporator is emptied and the cycle started again. The 

residual ee is evaporated to dryness in open pans 
reeze 


Preparation of Potassium Ohloride from Miwed Salt. 
~—The mixed crystals are dissolved in hot distilled water 
or liquor from the final eva r K in tank H, from 
which they pass through a filter and then into the feed 
tank L, and finally into the evaporator K. 
is then commenced and continued until the liquor has 
a density of 49 deg. Twaddel. During this evaporation 

ium chloride erystallises out and m ‘ liquor 
is added until the evaporator is completely fu.. of liquor 
of the required density, at which point the whole contents 
of the evaporator are run out and passed through a 
revolving crystalliser, more potassium chloride being 
deposi during the cooling. The mother liquor is 
drained from the crystals in a centrifugal h -extractor 
a eo prbapt ysis we oe eT te Page med 

8 ied to the crystal dissolver H or to the evapora- 
tor tor further evaporation, In the latter case the 
liquor is & ted until the density again reaches 
49 deg. Twaddel, but owing to the saturation of the liquor 
only sodium chloride is thrown out of solution d 
this second eva: ion, as explained in the theory o 
the process. sodium chloride is removed from the 
evaporator by means of the vacuum filter box, and the 
clear liquor run t the crystalliser, when jum 
chloride again ises out. From this the 
process is cyclic, sodium chloride crystallising out on 


ev jon and potassium chloride on cooling. It is 
obvious, of course, that the above ions may be 
varied, and tions are from time to 


time in order that the final evaporator may be kept 
full of concentrated liquor. 


| SumMMaRY. 

The plant has only been at work since April 
that is, approximately four months—and the authors 
could have wished for a period of time before 
communicating their results to this Institute, as the plant 
has not had time finally to be tuned up. In ‘view, 
however, of their promise to read @ paper at this meeting 
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of the Institute, cou with" the present’ keen interest 
universally displayed in cleaning, they submit their 
results so far as they have been obtained, with the 
promise of their further experience when 

os eee they are content to have so far 
prov ollowing points with regard to 

roman gee irae at Skinningrove :— 

(a) with per cent. to 85 per cent. of the 
pins este hr yp tame yy A — a electrical 
equipment), ust in gas been 
5 grammes to 6 grammes per cubic metre in the dirty gas, 
to 0-8 gramme to 1-1 gramme in the cleaned gas; or, 
in other words, to the standard of Continental practice 
for stove and boiler use. 

(b) That the above result has been attained with a 
total fuel consumption corresponding with 50 kw. only. 

(c) That no power is necessary for pumping water 
or for movenn ore through the system. 

(d) That cleaning has been effected by a com- 
paratively small loss of the original sensible heat. The 


raw enters the pce | c bers at 220 deg. to 
~~ “4 and the cleaned gas leaves at_200 deg. to 
220 . 

(e) gas is being used at the stoves and boilers, 


but it is too early as yet to state the total saving 
accurately. All that can be stated is that the surplus 
gas available has increased; the exact economy can 
only be determined when all the stoves, &e., have been 
cleaned and the clean gas given a fresh start. 

(f) The recovery of 48 tons to 50 tons dust per week 
containing 27 per cent. KCl. 

In conclusion the authors desire to record their keen 
appreciation of the services rendered to industry by 
Sir Oliver Lodge, through his researches on the electro- 
static precipitation of valuable dusts. They venture 
to predict that it is not only for the purposes above 
described that his work will prove of great industrial 
value, but for many chemical processes in addition. 
They also wish to pay a tribute to the Lodge Fume 
Company for the excellence of their workmanship in all 
parts of their contract. 

They have further to recognise the work of their own 
staff in establishing this new development in blast- 
furnace practice; Mr. Arnold Bury, engineer-in-char; 
of the undertaking ; Mr. Olle Ollander, chemical wor 
manager, and Mr. Frank Bainbridge, chief chemist, 
who have jointly carried out the research on potash 
extraction, and Mr. Tom Smith for his practical handling 
of the new installation. Finally they have cordially to 
thank the Potash Department, Ministry of Munitions, 
for their great help in supplying the necessary material 
for the erection of the plant » to Be trying circumstances. 
In this connection the authors wish to record the valu- 
able services of the late Mr. McDougall, himself a 
believer in electrostatic precipitation, who died a few 
days before the plant was started. 





ELECTRIC STEELS.* 
By C. G. Caruisie, Sheffield. 

ARISING out of a recommendation by the Steelworks 
Committee No. 3, it has been suggested that it would 
be of interest to give some consideration to steels made 
in the electric furnace. Such a proceeding would be 
perfectly natural, seeing that the electric furnace owed 
its popularity largely to the war and to the ease with 
which it dealt with immense quantities of turnings, 
rather than to any real conversion on the part of steel 
manufacturers (with some notable exceptions) in their 
opinion as to its merits. 

Looking back to the days of 1905, when Dr. Hutton 
lectured in Man on electric furnaces to an 
enthusiastic small audience, the Sheffield contingent 
being no larger than a single railway compartment 
would hold, the author contrasts the reception accorded 
to the meeting held in Manchester in 1918 by the Faraday 
Society with a collection of on the same subject. 
By that time interest in the subject had increased tenfold, 
simply because the electric furnace had ceased to be an 
experimental yo ne in the hands of dreamers and 

tentees, and made an immense stride, the electric 
urnacemen having become very serious contributors 
to the output of steel of the best quality for war purposes. 

Viewing ~ pape me in its broadest aspect and 
as impartially as possible, and giving every possible 
credit to inventors and. their collaborators for their 
perseverence in perfecting a tool possessed of such tre- 
mendous possibilities, in the faee of all manner of diffi- 
culties in construction and design, it may, neverthele:s, 
be claimed that, however well thought out, final success 
would not have been achieved so quickly, or at all, had 
not another section of humbler workers, mostly from 
the een side, and freer from prejudice or inte- 
rest, taken the furnace under control and eliminated the 
difficulties one by one. 


In the main, if success is to be achieved, it ds 
not oy on a knowledge of metals end of chemical and 
phys reactions, but on the notal qualities of the 


worker, combined with an alertness of mind capable of 
enouaing the phenomena associated with success and 
ailure. 

It is the degree of persistency and patience shown in 
evolving those factors necessary for a successful heat, 
when conditions are all adverse, that differentiates the 
good from the bad worker. It is largely due to this 
psychological fact that so much failure has been ex- 
Laser 


made, Speaking from’ experience, the author would 


claim that the making of good electric steel is directly t' 


rtionate to patience rather than to kno’ 4 
has been a surfeit of talk about production as 


* Abstract of « read before the Iron and Steel 
Institute at Cardifl, epeanibes 22, 1920. 





with electric furnaces and so much poor steel | jg 





The history of steel-making runt & g the 
years could be written in terms of a struggle to keep 
sulphur and phosphorus down. The acid Siemens 
process was a distinct advance on the Bessemer, and 
the basic processes made a still further step ; but the 
electric basic-lined furnace has made it possible to obtain 
steel containing 0-02 per cent. sulphur, and sometimes 
as in the case of some of the alloy steels, 0-01 per cent., 
or thereabouts. 

Practically no information is available as to the 
composition of electric furnace slags and the accom- 





The interplay between current and 
increase or reduce the amperage of the first, 
which of se jals composing & to add 
i cy arising, ~~ mane of yo 
part of the operator, as as ing on 
The method of manufacture can, however, 
absorbi interest to those few directly 
, and those few generally prefer to work out 
heir own plans of salvation. 
What is required is the amount of confidence to be 
in the final product—the steel itself. Brought 
ly into being during the early period of the war, to 
augment supplies of munition steels, the process esca 
close scrutiny of cost which at an earlier period, 
and in peace, it would have been subjected to. The 
touchstone was quality of product; the consideration 
i not overlooked, was of secondary 
is was the opportunity, and having this 
singleness of aim the electric furnacemen rose to the 
occasion, and in a marvellously short time were pro- 
ducing, in competition with the Siemens furnacemen, 
the finest steels, suitable for making gun steels, bullet- 
proof steels, and aeroplane steels, when that indust 
made such large demands upon the resources of steel- 
makers. (Particulars of tests of electric steels made 
to Air Board specifications are given by the author.) 
Tests show that the electric furnace is capable of 
making excellent nickel-chrome steels. It can further 
be claimed as a matter of past experience that electric 
nickel-chrome steels, during any given period (say 


t, and 
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panying metal, from the point of view of the sulphur and 
phosphorus contained. (The author gave analyses of 
samples showing the composition of the slags, also tables 
showing the composition of metal and slags for various 
hoot, which, however, we are unable to reproduce,— 

.E.) 
According to Dr. Geilenkirchen, in his paper on 
“The Removal of Sulphur in the Héroult Process ’’* : 
“The one condition is that the slag must be free from 
metal oxides before sulphur in any considerable de 
can. be transferred from metal to ing there is less 
chemical work in reducing oxides than sulphides, therefore 
the one follows the other. To vent oxidation of 
CaS to CaS0O,4, which is liable to thrown back into 
the metal again, it (CaSO, + 4Fe = FeS + 3FeO + 
CaO) requires a reducing agent. The change of FeS 
and MnS into CaS can only take _ in presence of a 
powerful reducing agent, 2CaO + 2FeS + 2C = 2CaS + 
Fe2 + 2CO, In the basic Siemens this happens in the 
refining process with the reduction of the carbon in the 
metal and then only on the surface near the slag.” 

Calcium carbide is claimed by him as the chief reducing 
agent :— 


3FeO + CaCe = 3Fe + CaO + 2C0 sii (8) 
2CaO + 3FeS + CaC2 = 3CaS +3 Fe + 2CO (2) 


When this oxidation takes place and no more oxides are 
+ = the bath, the sulphur is taken out of the bath into 
the slag. 

The | figures obtained confirm in the main the above 
contentions. 

Size of furnace evidently has an important effect on the 
elimination of sulphur. This is due mainly to the fact 
that the oxidising slag can be raked off with greater 
minuteness in the small size of furnace, but it is also 
due to a larger slag area in proportion to weight of bath. 
Phosphorus cannot be red in like degree, due to 
some extent to the greater care needed in adding ore, 
as the cutting action on the banks is slightly ter owin: 
to the ter length of slag line per unit pe of me’ 

It is for the most part the ability and art of the furnace- 
man in controlling bis slags so as to obtain liquidit; 
and correct thickness over the whole area of the ba 
throughout the charge, and more especially during the 
refining period, that determines whether sound metal 
i uced or not. Ir no other steel process does the 
slag play such a fatal part, or call for such wariness from 

‘urnaceman. Five or ten minutes neglect of the 
slag, and the metal often will be converted from sound 
to unsound material, as it becomes uncovered owing to 
the slag losing fusibility. 





* Stahl und Risen, June 17, 1908. 
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several months), and on an equal number of test pieces 
and samples for inspection, will give a larger percentage 
of success than Siemens steels of the same composition. 
This is the test of time which any new — is called 
upon to meet. The torsion tests are also particularly 
interesting. To obtain three revolutions of twist with 
a tensile of 67 tons, denotes density and sound material. 
Compression tests would have shown up still more clearly 
the value of the series. 

The main points of interest in the author’s tests 


are :— 

1. The high yield-point of one sample, viz., 120 tons ; 
as high as the best results in high-speed steel, but giving 
a smaller amount of set, viz., 0-016 in. against 0-024 in 
in the latter steel. 

2. The load was applied quickly in order to find out 
if the steel would resist shock without breakdown, and 
to what extent the set would be affected. Contrary 
to expectation, no appreciable difference was obtained 
in the set only (0-003 in. in one sample, 0-001 in. in 
another), and the samples were free from cracks alto- 
gether, whilst in the first of these two samples the Brinell 
a was equivalent to that of an engineer’s tap ready 

or use. 

A practical application of this steel was made over 
two years ago when the demand for high-quality tungsten 
steel aeroplane exhaust valves was at its maximum ; 
stamping dies, made from this nickel-chrome steel and 
used for embossing the valve, were watched for a time. 
A pair of dies, used alternately, stamped 24,000 valves 
without uiring machining. Further records were 
not taken, but as these dies are still in use, it is estimated 
that 60,000 to 70,000 valves must have been stamped 
in them, with only a few machinings to re-surface the 
die. Slight breakdown of surface ensues after prolonged 
use, mostly due to the practice of quenching in water, 
after stamping say two or there valves. The com- 
pression test results are borne out, therefore, by workshop 
practice, over a long period. 5 

Another series of compression tests, also tabulated in 
the paper, are interesting from several points of view. 

1. High tungsten steels give a high yield-point and 
generally avoid breakdown up to 180 tons to 190 tons. 

2. Salt bath heating, prior to hardening, increases the 
eh ee of resistance, giving less set; final collapse at 

tons pressure is also avoided. d 

$. No difference in se+ is obtained with load applied 
in the direction of rolling or applied at right angles 
to. it. : 

4. With gas furnace heating of samples, the electric 
steel remains sound with 200 tons pressure, whereas 
the crucible steel crushes with loads of 190 tons and 
199 tons respectively. 
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5. The mean yield-point of the crucible steel is 105 
tons, of the electric, 112-5 tons. 

6. When hardened from 910 deg. to 960 deg. C. the 
point of breakdown is fairly constant. 

High tungsten steels are useful in certain classes of 
cold stamping where great density is required in the die. 
Through the kindness of Dr. Hutton and Mr. Hanson, 
a die has been made from elegtric high-speed steel and 
put into use for dessert pate spreading ; so far some 
30,000 spoons have been dealt with, the die still being 
in use and in good order. Generally speaking, a die 
. cope of going so far continues giving a much longer 
ife. ° 

Before leaving the subject of dies a few further tests 
may be of interest. Two steels were selected for trial, 
for the difficult work of tube drawing, difficult in respect 
of obtaining a die steel to give a sufficiently long life, 
before re-machining. 

Mr. Reilly (of Mantz Metal Company), to whom the 
author is indebted for his careful record of the - 
formance of these steels, supplies the following parti: $ 

Crucible steel No. 9. drew 828 tubes. Best die 
hitherto tried, maximum of 500 tubes. 

Electric steel No. 113. Die drew 325 tubes. Best die 
hitherto tried, gave a maximum of 200 tubes, as a harder 
quality of tube was drawn in this case. 

The problem of die steels is very complex, as the 
ea ag for which they are required are multitudinous, 

ut the author has shown that wear, shock, compression, 
rigidity of shape, have all been satisfied by using electric 
steels of various ities. 

It would be as well now to examine the cutting 
of electric steels ; the author has devoted a 
of time to this important subject, but the factors and 
processes involved are so many that it is exceedingly 
difficult sometimes to form a judgment. As cutting 
involves another steel to be cut, and since this may be 
far from homogeneous, durability testing cannot be 
regarded in the same manner as tensile testing. It only 
requires one hard in the path of the tool under test 
to vitiate the t, destro a stg tool nose, 
“ae would otherwise have a ife 


permission of the Council of the Institution of 


wer 
deal 


Mechanical En, the author is allowed to cite the 
reméaii he anette an Ma Burley’s paper on ‘“‘ The Cutting 
Power of Lathe ing Tools ” in January of this year. 


All that is necessary is to republish the curves shown 
in Fig. 1 on the opposite page. 

Four tools in this series (two crucible and two electric), 
16 per cent. to 18 per cent. tungsten type, were taken, 
and the results are shown in figure. These tools 
were made from four separate bars. 

This small research was carried out to find the relation 


of cutting to endurance. The author had not 
been satis with the ordinary test that manufacturers 
usually ado of running at high s' He wanted 


to find out what happened at s lower than, but 
yet well over ordinary shop practice, and particularly 
to determine the highest speed at which the curve would 
flatten out, i.e., give a very long life. 

The electric steel tool gave the most satisfactory curve, 
and by dropping the speed from 55 ft. to 45 ft. only, the 
life was increased from 8} minutes to 145} minutes. 

The bar used for the test was hard steel, 
cent., manganese 77 per cent., normalised (not 
as is a adopted) with a Brinell hardness of 255. 
This 145 minutes’ test was the most remarkable the 


ki 


author had seen. After 100 minutes had elapsed, 
the tool and the chips began to show redness which 
continued until exhaustion occurred. The crucible 
steel used gave inferior results with water- i 

as com with air-blast hardening, so further tests 
at lower s were not considered worth doing. The 


standard tool of a well-known water-hardening steel was 
inferior at 55 ft., and at 50 ft. very erratic. 

It is not intended to try the crucible variety, but 
inadvertently some drills of i 
and after testing were differentiated later by means of 
onl the ore = sulphur — 
of separation. A further series of dri 
pattern have la been tested, in order check 
first , especially to see if the 400-in. record (total 
de of cut in inches), was a freak result or not. 

remarkable fact which proceeds from the author's 
tests is that the electric steel again survives the ordeal 
of drilling 200 holes of 2 in. in depth, lea’ a tool 
capable from all appearance of doing considerably more 
work, whereas the author has never yet obtained a 
crucible drill which will do the same. 

On the other hand, there is a remarkable recovery 
of cutting power, after tempering at 550 deg. to 650 
deg. C., which is not met with in the electric steel ; but 
this point does not seem to have any practical significance. 

Dealing with the demand for an improved aeroplane 
exhaust valve steel, the author submitted to Dr. Aitchison 
some samples which he anticipated might combine the 
advantages of the high tungsten quality with regard 
to strength at high temperatures and also approach 
the low corrodibility of the high chromium steels. 

The following is an extract from his report :— 

“The steel was tested in tension at temperatures of 
700 deg., 800 deg., and 900 deg. C., and gave the following 


results :— 


Temperature. Ultimate Strength. 
Deg. C. Tons per Sq. In. 
700 J 19-0 
800 10 +27 
900 11-15 
The menage possessed at the same temperatures by 
the usual high tungsten steel.to Air Board Specification 


K.8, or the high chromium steel to Specification 8.19, 

can be compared from the figures in the next column. 
The mechanical pro 

are very similar to those of the high tungsten steels. 


ies of the new steel in the cold | is 





As corrosion and scaling, the new steel is rather 
better than the tungsten steel, but inferior to the high 
chromium steel. 

“This steel appears to show, in a comparatively 
marked manner, the increase of strength which occurs 
in both the tungsten and the chromium steels at tempera- 
tures higher than 800 (followed, of course, finally, by a 
fall in strength).” 

This steel was made in the electric furnace. 

Much space has been devoted to a few qualities of steel 
where mechanical tests could be sup) orted by usage in 
actual practice, or where it was possi le, as in the cutting 
tests, to more than meet the demands made by the 
workshop. This is the only method that will appeal to 
the engineer or the user of steel, and also will 
afford members of the Institute an opportunity of hearing 


Tons per 


Ultimate Strength. Sq. In. 
Steel. 700 deg. C. 800 deg. C. 990 deg. C 
New steel ... 19-0 10-27 11-15 
a FT se 19-0 9-65 8-3 
8.19 «oe «=. 6-5 6°5 
@ more ical aspect (hitherto regarded az firms’ 
secrets ) is custo’ ‘ 


mary 

Cost of production has been excluded altogether from 
the paper, as it varies in every according to equip- 
ment, i space available in the shop. But 
suppose it is arrived at, what is it to be compared with? 
Are several 3-ton or 6-ton furnaces to be expected to 


compete with, say, six 50-ton Siemens furnaces ? 
From costs dont some time ago, when conditions 
were much than in these days, the author formed 


the opinion that a 15-ton to 20-ton electric furnace would 
roduce as cheaply as a 50-ton acid Siemens furnace. 
he question of cost must never, however, be allowed 
to take first position in the steelmaker’s mind! There 
is no compromising in steel-making—a good heat, even 


HYDRAULIC-FILL DAMS.* 
By Auten Hazen, M. Am, Soc.C.E. 
(Concluded from page 428.) 


Increasing the Grain Size of Core Material.—The second 
| of increasing stability is to use core material that 
will consolidate more rapidly and thoroughly. There 
is only one way to insure this; that is to increase the 
grain size of the material allowed to remain in the core. 
With ls and water quantities actually used in the 
dams known to the writer, particles smaller than 0-001 
mm. and perhaps up to 0-002 mm. have been wasted. 
Everything larger has gone into the dam. 

In some cases, an effort has been made to secure 
completeness of deposition of these fine particles to avoid 
awe and to increase the yardage accounted for in the 

m. 

To increase the effective size of core material, it is 
necessary to increase the limit of size of particles to be 
wasted. This can be done by narrowing the pool or by 
increasing the quantity of water passing it (see Figa, 
3,.8, 9, and 10). On one occasion at San Pablo, to test 
this out, the toes were allowed to increase in height for 
a time without raising the pool. This was continued 
until the pool almost disap " y more than 
a muddy creek remained in the middle of the dam. The 
core became comparatively narrow and much coarser 
in grain size. The effective size was increased to ap- 
pam tely 0-0l mm. Finer icles were all Sasa 

n other words, the core ma was, say, five times as 
great in grain size. It had, therefore, twenty-five times 
as draining capacity, and only one twenty-fifth 
of the capacity to hold water by capillarity. 

Material placed in this way had a much better chance 
of drainage ; first, because the core was narrower and 
there was less water to be removed ; second, because 
the water had a shorter distance to go; and third, 


it may have cost 5 per cent. or 10 per cent., or | because, other ioe woe weiaae 
even more over the second best, will have proved the | away twenty-five as . After a few 
peers go Biren ences sgl ys graben orm. Too] of operation in manner, the work was 
many ologists are in investigating com- ae ea ae to 
plaints of bad steel; they would be better engaged in | the only a few 


ir good steel. 
electric furnace for making alloys which approach steel 
for but have some othe r pee 
such as i resistivity or non-corrodibility, &c., 
but these offer no difficulty which the furnaceman cannot 
solve, and are very often simpler to deal with than 


steel. 
iia aocgen thge cothieg ay sonar al ton, Miah 
i i any mixture i 
melting-point metals; no amount of killing agents— 
silicon, uminium, magnesium, titanium— 
can take the of a reducing slag under control. 
With a correct slag, killing agents are not necessary. 
Steel can be made sound in the electric furnace, heat 
after heat, no aluminium whatever being required, while 
an incorrect slag and its consequences cannot be remedied 
by adding aluminium to the ladles. This is a distinction 
peculiar to the electric —— « ma se 
For ing steel casti this process been tri 
for some le time with results which have more 
than satisfied the f n. The possibilities of the 
electric furnace are by no means fully explored, but it 
ere nan, See oe the Saper ele  eae 
flexible tool. type of men available to obtain the 
best from it constitutes the real problem. 
The steels that have been described so 


been 

spirit shown Mr. 

been wee far in his treatment of the subject. 
For this he is deeply grateful. He is also indebted to 
Dr. Aitchison for his careful and favourable report on the 
valve steel, and to Dr. Hutton and Mr. Hanson for con- 
care with die steels ; also to Mr. Reilly, 
the Muntz Metal Company, for similar work. a 


fully have all 
made in Messrs. J. Beardshaw arid Son, Limited's, 
ic furnace, and it is due to the 


i! 





Oprosrtrion TO QUESTIONNAIRES IN THE U.S.A.— 
‘official insatiable thirst for statistics which has 
developed into a mania in this country and resulted 
in the issuance of a multiplicity of forms de i 
information on every possible subject directly an 
indirectly connected with one’s business, has its counter- 
part also in the United States of America. Business 
men over there have, at length, reached the limit of their 
patience, and have decided no longer to comply with 
these complicated statistical demands involving the waste 
of a vast amount of time in filling in useless forms, 
to say nothing of the waste of paper now so precious, 
The Federal ‘hrade Commission, an exceedingly busy 
and energetic body, has now realised the force of 
the business men’s opposition, and it is understood 
that the filling-in of questionnaires is not to be compul- 
sory. The strongest opposition has been encountered 
in the iron and steel trades, and the rights of the Com- 
mission to demand information on costs of production, 
&c., every month have been questioned in the courts, 
In one of the courts it was ruled that the Commission 
had no such legal rights, a decision against which the 
Commission is appealing. The latest opposition is from 
the lumber industry, which threatened to institute 
injunction proceedings when the Commission endeavoured 
to inflict its imnumerable statisti.al forms and 
questionnaires on that industry. A conference was held 
between the Commission and the lumbermen, at which 
it was decided that the latter should draw up a form 
of questionnaire for the Commission’s approval. The 
Commission defend their action on the ground that it 
taken entirely in the interests of the industry 


Z 





has been said about the adaptability of the | than 


in the coarse- 
ha her th: Sees canal dhe pavcosteat f voids 
that, other things bein , entage of vo’ 
was greater. This ne tountl to be the case in the test 
at San Pablo, and after the material had become hard 
and stable, it had a percentage of voids that would have 
indicated lack of stability in ordinary stock. This is 
an illustration of the fact that voids used as an index of 
cobbler com, only be properly compared for the 


If this method of the size of core 
materiel ware tobe followed throughout the 

of a dam, obviously there would be two results. _ 
saan weld depend eta pyc A = 
in the stock used. yet poe 


; 


ti the theoretical rate of seepage would be 
aa day. The loss of this quantity of 
not be es -danieals drain Y 


stability. 6 be mgt ~ 
perience, 


Practically, as is 
considering the core 
would soon silt up and become water-tight. 

As a practical proposition in dam construction, core 
matotial having a grain size of 0-01 mm. is to be accepted 
i the stand t of water-tightness. 
This size of 0-01 mm. is not given as a precise limit. 
It may be that still coarser material would give sufficient 
tightness or that finer material would drain sufficiently. 

e size is mentioned because it is the size of ma’ 
that it was actually found ible to uce at the San 
Pablo Dam by reducing the size of the pool to a mini- 
mum, and because pu Bhs considerations suggest that 
it may be suitable, 

The question remains as to whether a dam in which 
the pool and water quantities were so adjusted as to 
hold the effective size of core material at 0-01 mm., 
or at some other selected limit, and in which the core 
material was never permitted to become very wide, 
would consolidate itself as the dam increased in height 
to an extent that would eliminate lateral pressure of core 
material. 

It is the writer’s idea, that a dam built in this way 

d certainly be more stable and safer than one in 
which the core material contained an additional quantity 
of finer particles. ; 

This thought is similar to an idea expressed by D. O. 





* Paper read before the American Society of Civil 
Engineers. 
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Henny, M.Am.Soc.C.E., who stated :* “‘ Probably the 
nearest approach to a perfect core of great thickness 
which can be hydraulicked, is one composed of fine sandy 
silt, such as is generally found in the arid West, having 
little cohesiveness, good self-drainage qualities, be- 
coming hard and solid after a short time, and zt being, 
if not perfectly, at least practically water-tight.” 

Mr. Henny’s description may be taken as an accurate 
description of the writer’s idea of 0-01-mm. material. 
It certainly does not apply to 0-002-mm. material. 
Mr. Henny’s other propositions in regard to fine core 
material such as is ordinarily used, are believed to be 
well founded. 

The Use of Rock Fill,—In building hydraulic-fill dams, 
the débris above the solid rock has m most easily 
worked and extensively used, Such débris is frequently 
fine in grain size, and its use may result in an excess of 
core material and a deficiency of toe material. To 
correct this tendency, rock fill has been added to the toe 
of a number of dams. 

The rock fill has usually been placed as dry fill; that 
is to say, by blasting, steam shovel, and cars or carts. 
The cars or carts run on the toes of the dam and deposit 
material at the same time that the hydraulic process 
is being used to fill the interior. 

At the San Pablo Dam (see Figs. 11 and 12), a similar 
result has been reached by handling the rock after blast- 
ing by the hydraulic method. Open flumes were used 
with a flow of from 15 to 20 cub. ft. per second. A 6 
per cent. slope was necessary as long as wooden flume 
bottoms were used, With steel flumes, equally 
favourable results were obtained with a 4 per cent. slope. 
About 3,000 cub. yd. per day were placed, on an average. 
Pieces of broken rock up to 1 cub. ft. in size were handled 
under these conditions. By blasting the hardest rock 
available, it was ible to get material for fill that 
contained relatively few fine particles, and all of the 





material has its pores completely filled with water 
and is under pressure, two conditions may be recognised. 
In the first or normal case, the whole of the pressure 
is communicated through the material from icle to 
particle by the bearings of the edges and points of the 
particles on each other. The water in the pores is under 
no pressure that interferes with this bearing. Undersuch 
conditions, the frictional resistance of the material against 
sliding on itself may be assumed to be the same, or nearly 
the same, as it would be if the pores were not filled with 





maintained by capillarity. If a weight is slowly placed 
on this saturated sand, there is a slight settlement, the 
grains of sand coming to firmer bearings and the weight 
is carried. A sharp blow, as with the foot, however, 
liquefies a certain volume and makes quicksand. The 
condition of quicksand lasts for only a few seconds until 
the surplus water can find its way out. When this 
happens the grains again come to solid bearings and 
stability is restored. uring the few seconds after the 
sand is struck, however, it is almost liquid, and is capable 





Fie. 8. 


San Pasto Dam, sHowrne Maximum WiptH or CENTRAL Poot. 





Fie. 9. Saw Pasio Dam, sHOWING ORDINARY WIDTH OF CENTRAL 
Poot propuctna Corre MaTeriaAt 0.002 Mm. ry Size. 





Fig. 11. 
By Hypravtic Jet, arrer BLASTING. 


Excavatina Rook at San 


small quantity of very fine material was wasted. Large 
additions to the toes of the dam were made in this way. 

Working a quarry with a high face, it was possible to 
throw down great quantities of material in one large 
blast, and to wash many thousands of yards into the 
dam from a single position of monitors and flumes. 
The economy resulting from operating so long in one 
place, as compared with moving the equipment all over 
the hillside to pick up scattered and relatively thin deposit 
of débris above the rock, turned out to be fully equal 
to the additional cost of rock excavation ; and rock fills, 
built in this way, cost no more per cubic yard than fill 
made from débris. 

On the other hand, the fill made in this way is believed 
to be heavier, and to have a higher coefficient of friction 
which gives it additional value as toe material. The 
pressieai methods of handling rock fill were worked out 

y Mr. Hawley and D. W. Albert, Assoc. M. Am.Soc.C.E. 

Quicksand Conditions in Dams.—When a granular 





* Transactions, American Soc. C.E., vol. Ixxiv (1911) 
page 82. 





Panto Dam 


water. In the second case, the water in the pores of the 
material is under pressure. The pressure of the water 
on the particles tends to hold them apart ; and part of 
the pressure is transmitted through the water. To 
whatever extent this happens, the pressure transmitted 
by the edges and points of the particles is reduced. As 
water pressure is increased, the pressure on the edges is 
reduced and the friction resistance of the material 
becomes less. If the pressure of the water in the pores 
is great enough to carry all the load. it will have the 
effect of holding the particles apart and of producing a 
condition that is practically equivalent to that of quick- 
sand. 

An extra pressure in the water in the pores of such a 
material may be prolonged by a sudden blow or shock 
which tends to compress the solid material by crushing 
the edges and points where they bear, or by causing a 
re-arrangement of particles with smaller voids. An 
illustration of this can be seen in the sand on the sea- 
shore. Such sand, comparable to dune sand in size, 


| is usually found to be saturated with water for a certain 
‘distance above the water level. 


This condition is 





Fie. 10. San Pasito Dam, sHOwrnG CENTRAL POOL GREATLY REDUCED 
IN WIDTH FOR PURPOSE OF INCREASING GRAIN Size oF Corre MATERIAL. 





Fie. 12. Pracrne Rock HypravuLicaLiy rN San Pasio Dam, FRAGMENTS 
uP TO 1 Cus. Fv. sperye HANDLED By THIS METHOD. 


of moving or flowing or of transmitting pressure in the 
same measure as a liquid. co iets 

Fine-grained sand in which this condition exists 
called quicksand. The properties of quicksand are 
well known. Fine-grained sand saturated with water 
and then mixed with an additional 5 per cent. of water 
acts practically as a liquid. It will flow through small 
orifices or in a pipe at a 5 per cent.slope. The sand in a 
mechanical filter in process of washing is a typical case. 
When the sand is drained, in the filter, it forms a bed 
as hard as any sand bed. When subjected to a reverse 
current of water strong enough to slightly lift it, however, 
the volume is increased by perhaps 5 per cent., and it 
becomes liquid.. An object can then be pushed through 
it with scarcely more resistance than would be offered 
by a liquid of high specific gravity. 

The conditions that control the stability or lack of 
stability in quicksand may also control the stability 
or lack of stability of materials in dams. 5 

The puddle clay core of an hydraulic-fill dam is 
physically like quicksand, but with particles one hundred 
times smaller in diameter and @ million times smaller in 
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weight. It has the instability of quicksand im full 
measure and it retains it for a long time, or perhaps 
indefinitely. 

With the coarse-grained part of an hydraulic-fill dam, 
that is to say, with rock toes, there may be also, at 
times, similar condition. Generally speaking, it would 
be expected that such coarse-grained materials would 
have sufficient drainage to let out surplus water and 
prevent the possibility of an excess sufficient to destroy 
its stability. With hard-grained materials from glacial 
drift of New England and the Northern States, it is hard 
to conceive of a lack of drainage in gravel that would 
permit the accumulation of an excess of water. With 
the softer materials of the Pacific Coast, however, the 
conditions may be differ nt. la the first place, these 
soft rocks by partial crushing under pressure produce 
fine material which tends to fill the remaining spaces 
and to reduce the drainage capacity. 

On the other hand, each increment of loading applied 
to soft-grained material produces a certain compression 
and settlement : and with it a reduction in voids. This 
may happen to a toe of soft rock on the up-stream side 
of a dam against which water is being stored during 
construction. There is first an open condition with 
ample voids and ample drainage. As the dam is built 
higher, pressure increases; there is compression and 
reduction in porosity. Each additional increment of 
loading and compression means that a certain quantity 
of water representing the difference between the old 
voids and the new voids must be expelled. As long as 
the material remains sufficiently pervious to carry off 
this excluded water, the process of compression is harm- 
less. The surplus water is pushed back into the reser- 
voir and stability is retain There may come a time, 
however, when the compression goes forward so rapidly 
that the surplus water cannot be carried off fast enough. 
When that point is reached (if it is reached), there will 
tend to be an excess of water in the interstices and that 
excess will transmit some of the pressure that was before 
carried only by the bearings of solid particles, and the 
frictional resistance of the materia] will be less, and 
perhaps much less, than it was before. 

The thought has occurred to the writer, in looking at 
the material that slid in the Calaveras Dam, that some- 
thing of this kind may have happened on a Jarge scale— 
800,000 cub. yards of fill flowed for a brief space, and 
then became solid. It was, in fact, so solid that in 
examining it afterwards, by samples and by borings, it 
was difficult to see how the material could have flowed— 
as it certainly did flow. : 

It may be that after the first movement there was 
some readjustment of the material in the toe that 
resulted in producing temporarily this condition of 
quicksand, and that destroyed for a moment the stabilit, 
of the material and facilitated the movement that too 
place. 

This will not account for the initial movement ; but 
the initial movement of some part of the material might 
result in accumulating pressure, first on one point, and 
then on another, successively, as the early points of 
concentration were liquefied and in that way a condition 
comparable to quicksand in a large mass of material 
may have been produced. 

Summary. To summarise briefly the points that the 
writer has attempted to make and to apply them prac- 
tically to dam construction. 

1. It is not well to build an hydraulic-fill dam of 
material of which any large percentage consists of clay 
or of particles less than 0-01 mm. in diameter; and in 
general all such smaller particles may well be wasted 
and excluded from the dam. 

2. By reducing the construction pool to a minimum, 
and by controlling it and the quantities of water used 
for sluicing, the core material may be held to a certain 
degree of coarseness by wasting all smaller particles. An 
effective size of 0-01 mm. may reasonably be sought. 

3. To study by borings the actual consolidation of the 
material, and to adjust the construction of the upper 
parts of the dam to the demonstrated condition of that 
which lies below. 

4. To make the toes large enough to resist with an 
ample factor of safety the whole pressure of the core 
material as a liquid until there is demonstration of the 
solidification of the core to a point where horizontal 
pressure is eliminated. 

5. To increase the weight and solidity of toes by the 
use of rock fill, placed hydraulically or otherwise. 

6. Stability is increased by compactness. It is worth 
while to watch voids closely, and to make every effort 
to hold them at a minimum. The extra weight is 
advantageous, but security against compression and re- 
arrangement with resulting temporary quicksand con- 
ditions, can be best reached in this way. 

A strict application of these principles may reduce the 
number of hydraulic-fill dams that are built by eliminating 
that method of construction from consideration where 
the available material contains too many very small 
particles. It may also increase considerably the volume 
and cost of those that are built. It would seem, how- 
ever, that following them to a logical conclusion, with 
such testing as can reasonably be done, will result in 
eliminating present uncertainties and in putting a most 
useful method of dam construction on a definite and 
safe basis. 





New Dry Dock, Norway.—With the assistance of 
the Norwegian State, which has the prior right to its 
use, the new dry dock referred to on page 262 ante, 
which has been in course of construction for some five 
years, is now in use. It was built by the Aker Engineer- 
ing Company, Christiania, and is able to accommodate 
the largest vessels of the Norwegian merchant navy, 
some of which have hitherto had to go to Newcastle 
or Copenhagen for docking. 








THE EFFECT OF HEAT SUPPLIED TO 
THE BLAST FURNACE. 


Variations in the Heat Supplied to the Blast Furnace, 
and their Effect on the Fuel Consumption.* 


By W. W. Horxrres. 


Ir has not infrequently been observed that, when some 
notable addition has been made in the supply of heat to 
the blast furnace, the resulting economy in fuel has 
exceeded the theoretical fuel equivalent of the heat 
actually added. Two prominent examples of this 
discrepancy were afforded by the introduction of the 
hot-blast by Neilson and of the dry-blast by Gayley. 

In his “Chemical Phenomena of Iron Smelting,” 
in the section ‘“‘On the Theory of the Hot-blast,”’ the 
late Sir I. Lowthian Bell quotes a — instance where 
an increase in the temperature of the air from 60 . FP. 
to 450 deg. F. reduced the coke consumption from 
60 cwt. to 38 ewt. per ton of pig iron, a saving of 22 cwt., 
or 36-66 per cent. Now, per ton unit of carbon burnt in 
the furnace, the above increase in the blast temperature 
would mean the addition of, roughly, 300 cals. to the 
hearth, an amount of heat equivalent to 2-43 owt. of 
carbon burnt to CO before the tuyeres, or a saving of 
re Fg per cent. Similarly, from the account given 
by Mr. Gayley of his original application of the Fiast, 
it would appear that by drying the air—and incidentally 
increasing its temperature from 382 deg. C. to 465 deg. C. 
—he reduced his coke consumption from 2,147 Ib. per 
ton of pig-iron to 1,726 lb., a saving of 421 lb. or 19-61 per 
cent., whereas on the basis of any theory hitherto 
advanced the maximum saving possible was between 
12-00 per cent. and 13-00 per cent. 

When Mr. Gayley first published his results in the 
autumn of 1904, in common with many others the 
Brymbo Steel Company was much attracted by the 
seeming possibility of a considerable reduction in fuel 
consumption. Determinations taken over an extended 
period had shown that the moisture in the atmosphere 
at Brymbo ran on an average just over 3 grains per cubic 
foot, and no difficulty was anticipated in being able to 
reduce this to the region of 1 grain. If Mr. Gayley was 
able to obtain a saving of practically 20 per cent. in his 
fuel consumption by reducing the moisture in his blast 
from 5-66 grains to 1-75 grain per cubic foot, or by 
3-9 grains per cubic foot, it was assumed that an economy 
of not less than 10 per cent. should be attainable by a 
reduction of 2 grains per cubic foot. 

The matter was temporarily left in abeyance, but as 
time went on and confirmatory reports were received 
from various sources, it was decided, in 1909, to proceed 
with the erection of a plant for drying the air. The 
method adopted finally was that of freezing out the 
moisture by means of the ammonia absorption process. 
The necessary machinery was supplied by Messrs. 
Ransome & Rapier of Ipswich, and as far as this part 
of the process was concerned, there was no cause for 
complaint. From the moment of starting up, the plant 
was all that could be desired for economical and efficient 
working ; in fact, the cost of operating came out lower 
than had been red on. Unfortunately, the practical 
results obtained from its application fell very far short of 
the economy hoped for, the actual saving being only 
3-34 per cent., in place of the 10 per cent. anticipated. 

In view of the brilliant results obtained by Mr. Gayley, 
this wide difference appeared to call for some explanation, 
and the search for such an explanation resulted in the 
construction of the theory which is advanced in this 
paper. This theory accounts satisfactorily for the t 
saving attained on the introduction of the hot-blast 
by Neilson and also for that obtained by Mr. Gayley with 
his dry-blast, whilst at the same time reconciling the 
wide difference in the results obtained by Mr. Gayley and 
the Brymbo Steel Company. 

If the blast-furnace be regarded solely as a medium for 
the production and absorption of heat, the heat produced 
will be made up of — 


(a) The heat brought in by the blast ; 

(b) That developed by the combustion of the fuel ; 

(c) That evolved in the formation of the slag and iron 

eompounds ; 

whilst the heat absorbed, including losses by radiation 
and cooling water, will be the heat developed less that 
carried away in the furnace ° 

It is common knowledge that in a furnace working on 
& given burden, a certain amount of heat will be neces- 
sary for the uction of a ton of pig-iron of @ given 
grade, and that of this total heat a certain proportion 
will be absorbed in the furnace (including that necessary 
to satisfy the losses by radiation, cooling water, &.) 
and a certain proportion will escape in the exit gases. If 
further heat be added to the furnace, the amount of fuel 
necessary to produce the total heat required for the 
—_ of a ton of metal of the same grade must be 

uced. 


Now, in the reduction of the iron ore used in making a 
ton of pig-iron from a given burden, the amount of oxygen 
libera from the ore is approximately constant, 
varying only very slightly with the proportion of impuri- 
ties reduced with the iron, so that, even though the 
quantity of fuel per ton of pig-iron may vary, the amount 
of carbon oxidised to CO, by the reduction of the ore 
remains approximately the same per unit of uct. 
If the blast tem ture be raised, not only is less fuel 
required to develop the same amount of heat as before, 
but in diminishing the quantity of fuel the ratio CO, 
to CO in the gases is inc , resulting in a further 
addition of heat through the improved calorific efficiency 
of the carbon burnt. Similarly, this diminution influences 
the proportion of heat obtained from the formation of the 





* Paper read before the Iron and Steel Institute at 
Cardiff, September 22, 1920. 
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slag and iron com unit carbon burnt, increasing 
ea i elt a 
é ore, by carrying the amount of heat t 
he Fg ge dare fn Re 

per. unit t e i is 

changed, the absorption by the-burden appearing to 
approximate to the formula— 

a # 

© we 

where a, ¢ and w represent respectively; the amount of 
heat absorbed, the number of calories developed,’ and 
the weight of gases evolved per unit carbon burnt before 
the change, and ap, ¢2, and w the same after the change. 


This change in the absorption of heat by the furnace takes 
place at the expense of the furnace gases, whi 


=a 


ich are 
correspondingly, but inversely, varied in coupes 
For example, let it be assumed that a unit_of pig-iron 


of a certain grade and from a given burden requires a 
unit of carbon for its production, and that the thermal 
ratio CO: CO, = 0:2 ee ne aed thermal 
ratio is meant the proportion CO, to C Rebelr partici- 
pating in the uct. of heat). The unit of car 

ere produces 3,810 cals. If 500 cals. be brought in 


by the air and 100 cais. evolved in the formation of the 
slag and iron com 


ds, the total heat develo: per 

unit carbon burnt in the furnace will be 4,410 ., and 
if 550 cals. be ee ae the furnace the 
amount of heat “ absorbed " by the furnace is 3,860 cals. 
Should the temperature ot the blast be raised suffi- 


ciently to increase the supply of heat from this source 

to 700 cals.—an addition of 200 cals.—the amount of 

carbon required to produce the necessary heat for the 

pny of the unit of pig-iron, assuming the ratio 
‘Oz : CO to remain Gnidia Wabentes 


1.00 x #420 _ 9.9566; 
i610 


but since the amount of oxygen liberated in the reduction 
of the pig-iron is the same as before, the thermal propor- 
tion CO,:CO becomes 0-25: 0-7066 and the unit of 
carbon produces 3,864 cals., an increase of 54 cals. 
Similarly, the heat from the slag and iron compounds 
will be bias or 104 cals., a gain of 4 cals., making 
the total from these two sources 58 cals. per unit carbon 
burnt in a cai 
or the moment that the weight of 

unit carbon burnt in the furnace coe can the 
heat absorbed will be— 


4610 _ 3946 cals., 
Hi 





3860 


an increase -. - cals., involving a diminution in the 
re « the gases at their exit. 

us the increment of heat in the furnace per unit 
carbon burnt from the improved chemical and physical 
efficiency directly resulting from the addition of 200 cals., 
amounts to 144 cals. If these 200 cals. induce an 
ini augmentation of 144 cals., these 144 cals. will 
in their turn be responsible for a further addition of 


144 of 144 and so on. Therefore : 
200 


“ Any variation in the amount of heat supplied to the 
blast furnace involves a secondary and complemen 
series of changes in the amount of heat ueed 
absorbed internally ; and the proportion borne to the 
initial variation by its complementary internal change 
constitutes the ratio of an infinite geometric series of 
which the primary variation itself forms the first term.” 

If a be taken to represent the initial variation and r 
the proportion borne to it by its complementary internal 
change, the total variation involved will amount to the 
sum of the series a +ar 4-ar? +, &., to infinity ; or 

a 





- 


l-r 

In the example under consideration, the values for 
a and r respectively will be 200 and 0-72; 2 _ will then 

- &£ 

amount to 714-3 cals., and this will be the ultimate 
calorific effect on the furnace for that burden by the 
addition of 200 cals. per unit of carbon burnt, and the 
amount of carbon required per unit of pig iron will be— 


— #410 — 0.8693 
5114.3 

x... will be as well to age tee that in dealing with 

ast there is a change in the proportion of Ne» unit 
of air a pow com - a oye haat and 
consequently a change in the weight of gas formed per 
unit carbon hemes as tuyeres. The proportional relation. 
ship a : ar and ar : ar? will be thus effected, and it becomes 
necessary to sum the series in two steps. The value 
for the internal change complementary to the initial 
variation should be first ascertained, and the series 
summed from this point on. In the above exam 
0-9566 becomes the fuel base for the series, and 144 
the initial variation. 

If the above theory—which was first evolved some 
six years ago, but has held up until now 
for sey ve agp gt we — war—be — eo 1 
to the figures Mr. Gayley’s original trial it 
found that, for a reduction of the moisture in the air 
blown from 5-66 grains to 1-75 grain per cubic foot, 
and an increase in the blast temperature from 362 deg. 
to pe lym. Ang the theoretical consumption c 
to the O78 Sapern, ct 3147 TD ot ONO Oet ee 
iron works out at 1,675 lb., showing a saving of 21- 
per cent. During the trial in question, Mr. Gin 
actual consumption varied between 1,462 lb. and 1, 
Ib., with a mean of 1,726 Ib. for the whole rng of the 
trial—an economy of 19-61 per cent. average 
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of the exit under dry-blast was given 
f C. against 382 deg. C. when woking wah 
ast. 


For the purpose of, making a theoretical estimate of 
the temperature of the ontgoing gases correspondin; 
with the consumption of 1,675 lb., the losses 
tuyere and cooling water had to be included under one 
head with the radiation losses, as no separate 
were obtainable for these items. This obviously intro- 
duces @ source of error, as there is no proportional relation- 
ship connecting these three sources of loss. It was 
assumed that the combined loss for these three items 
followed the formula for heat absorption viously 
given. The temperature obtained for the exit gases to 
correspond with the consumption of 1,675 lb. of coke 
was,"on this assumption, 154 deg. C. and that for 1,726 
lb. was 169 deg. C. in place of the 191 deg. C. observed 
in _: 

f the 21-92 per cent. saving in fuel obtained theoreti- 
cally, 11-34 per cent. was shown to be due to the actual 
drying of the blast and 10-55 per cent. to its increase 
in, temperature from 382 deg. to 465 deg. C. In the 
case of Brymbo, the theoretical saving obtained for a 
reduction in the moisture in the blast from 3-1 grain 
to 1-3 grain per cubic foot amounted to only 2-18 per 
cent. as against 3-34 per cent. obtained in practice. 
In this case the drying of the air was slightly offset by 
a diminution in the blast temperature from 632 deg. to 
621 deg. C. 

i to the lack of information respecting the 
amount of heat carried away in the tuyere water, the 
heat delivered to the furnace by the blast had to be 
taken at the temperature of the “ bustle,” whereas it 
ought to have been somewhat less than this. As the 
temperatures of the dry and normal air differed somewhat 
in both cases this introduced a small error. In the case 


tem ture 


with the fuel consumption and the composition of the 
burden oes i 


- These complex silicates of manganese and iron 
were assumed to be reducible only on their composition 
being broken up on “slagging ” and the equivalent iron 
and ese were added to the phosphorus and silicon 
as substances obtained by direct reduction, i.e., by means 
of carbon direct or by CO at a temperature superior to 
1000 deg. C. 

If the Nz contained in the coke, and the exact amount 
of moisture contained in the biast be known, the con- 
stituents of the furnace can be placed on a basis 
of atmospheric Ne per unit carbon burnt at tuyeres, and 
so classi proportionally as products of combustion 
at tuyeres, and products derived from the reduction 

in the furnace. This method was employed 
in dealing with Maccoun’s It was then noticed 
that the proportional relationship between the oxygen 
extracted from the ore and the carbon burnt at tuyeres 
could be accurately established. If the analysis of the 
pig iron be known, its “‘oxygen equivalent,” or the 
amount of oxygen extracted from the ore in the produc- 
tion of a unit of pig iron, is also known. If this latter 
figure be divided by the amount of oxygen extracted 
from the ore per _— of carbon burnt im the furnace, 
the amount of carbon nec to luce a unit of 
pig iron will be the result. In itr. Bb come d trials the 
actual amount of coke consumed per ton of pig iron 
made was 1901-61lb. The amount obtained by esti 
tion from the gases by the above-mentioned method 
was 1901-4 Ib. 

The author is conscious that no law can be laid down 
as the result of a single trial however completely and 
accurately carried out. The figures derived from Mr. 
Maccoun’s research, however, are in such close agree- 
ment with the hypothetical relationship between burden 








of Mr. Gayley, the dry-blast being at a considerably 
higher temperature than the normal blast, there would 
beaslightly ter loss through tuyere water, diminishing 
somewhat the theoretically calculated saving. With 
Brymbo, on the other hand, the temperature of the dry 
air was slightly the lower. In both cases, had it been 
ible to include tuyere water losses, the result would 
ave been to bring the theoretical results even more 
nearly into line with the practical. 

Before the theory which has been advanced in this 

per could be applied practically to any specific case, 
it was necessary to assume the existence of some stable 
relationship between the burden working at its maximum 
efficiency and the gases given off during its reduction. 
It was also essential to have an yee / representative 
analysis of these gases, in order to establish accurately 
the initial calorific value of the unit of carbon burnt. 
In this respect it was noted that the CO, and CO contents 
of the furnace sm, whilst working on normal blast 
were given by Mr. Gayley as 13-00 per cent. and 22-3 

cent. by volume respectively. These figures cannot 

representative, for if as high a figure as 4-00 per cent. 
be assumed for the Ho in order to reduce as far as possbile 
the proportion of Ne, and the gases be then placed on 
a basis of he ge ear Ne per unit carbon burnt at 
tuyeres, it will be found that the amount of carbon other 
than that due to combustion at the tuyeres will not be 
sufficient to satisfy the proportion known to have been 
introduced by the limestone alone. For this reason it 
was necessary to reject the above values for CO2 and 
CO and to build up a gas from the burden in accord 
with some given relationship. As whatever goes into 
the furnace must come out, either in the slag and pig 
iron or in the gases, such a relationship should be possible 
of{demonstration if a sufficiently comprehensive and 
accurate research be carried out. 

An investigation on a straight hematite ore burden, 
owing to its simplicity, appeared to offer the most promis- 
in d. The author was fortunate enough to have 
Neless him the results of a very remarkable trial on such 
a burden carried through on the Isabella furnaces in 
1909, by their superintendent, Mr. Maccoun, with a 
view to establishing a heat balance for the furnace. 

The results were embodied in a treatise entitled ‘‘ Blast 
Furnace Advancement,” and read before the American 
Iron and Steel Institute in May, 1915. It will be noted 
that the research was on the same furnaces as those on 
which Mr. Gayley carried out his dry-blast trials. 

The root idea assumed by the author of the present 
paper, and applied subsequently in making the Gayley 
and Brymbo calculations, was that the carbon burnt 
above tuyeres was not a capricious quantity, but was 
made up of the small proportion required for the “‘ direct ” 
reduction of the silicon and phosphorus and a balance 
consisting of the amount necessary to satisfy the equili- 
CO2 


~ 





brium corresponding to the mean temperature of 
the zone of dissociation of the limestone. On this 
assumption the quantity of carbon burnt above tuyeres 
for a given burden remains approximately constant, 
and its proportion to the total carbon burnt increases 
as the fuel consumption per tor of pig iron diminishes. 
When investigating Mr. Maccoun's it was found 
that if all the iron and manganese Were held to exist in 
the ore in the form of the highest oxides, there was an 
excess shown in the amount of 02, from sources other 
than the blast, over that actually present in the gases. 
The whole of the manganese and a small percentage of 
the iron was therefore held to exist in the ore in the , hs 
of the lower oxide in complex ferro- and mangano- 
aluminium-silicate minerals, though possibly a small 
amount of this ferrous iron may be due to the reaction 
FeS + CaO + C = Fe + CaS + CO, 

When dealing su uently with Mr. Gayley’s figures 
it was interesting in this case, likewise, to note that, 
unless the whole of the and about 2-5 per 
cent. of the iron were held to exist as lower oxides, it 
would be impossible to devise a pig iron having a suffi- 
ciently low “oxygen equivalent ’’ to correspond both 





gases, and fuel as — by him, that he ventured to 
this relations. iP as fact when it subsequently 

became necessary to build up a gas on dealing with the 
Gayley and Brymbo trials. Much work would be 
necessary before it could be established whether or not 
this relationship holds true for all burdens. Mr. Mac- 
coun’s figures showed that the amount of carbon consumed 
by “direct ” action only amounted to 40 lb. on a total 
of 1,648 Ib. carbon burnt in furnace, or slightly less than 
2-5 per cent., representing about 1 per cent. by volume 
in his furnace , 80 that very accurate sampling and 
analysis would be required to detect any slight variations 
in the total amount of “direct” carbon. A continuous 
24-hour sample treated on the principle of organic 
analysis, and in which the residual N2 would be estimated 
by measurement, would seem to promise the best results. 
In dealing with the figures from Mr. Maccoun’s research 
the writer ventured to differ from the treatment given 
on a couple of small points. He substituted “ inter- 
national atomic weights’ throughout, in place of the 
ordinary round figure values, and made due allowance 
for the effect on the composition of the gases and the 
“‘oxyger equivalent ” of the pig iron by the addition to 
the burden of 5-8 per cent. scrap on the make of pig iron. 
The fundamental data obtained by Mr. Maccoun and 
iven in the Year Book for 1915 of the American Iron and 

iteel Institute remained untouched. 

The suggestion that the carbon burnt above tuyeres 
is a fixed quantity for a given burden may be challenged, 
on the ground that the use of soft coke increases the 

portion of CO in the gases, and that this increase in 
bo is due to the reaction CO2 +C = 2CO; which 
reaction would result in a consumption of carbon above 
tuyeres. 

he author has not seen any comparative analyses 
based on the proportion of atmospheric Nz to a unit 
carbon burnt at tuyeres which would prove this point, 
and in default of such analyses he su ts that the 
increase in CO is due primarily to physical causes. His 
reasons for so doing are twofold :— 

(a) Owing to the at efflux of CO, from the de- 
composition of the limestone and the comparatively 
high temperature prevailing in this zone of the furnace, 


it is reasonable to suppose that the equilibrium oe 


corresponding with the conditions and temperature pre- 
vailing at this point will be satisfied, and that the reaction 
COz2 + C = 2CO will take place. Once this zone is 

, however, the proportion of COg necessary to 
orm an equilibrium increases with such rapidity as the 
temperature falls that, taking into consideration the 
velocity of the poe gases, it yee probable 
that at no time after they have passed through this zone 
will the formation of CO: be sufficiently rapid to overtake 
the equilibrium demands. The tendency, in - fact, 
would be towards the reaction 2CO = CO2 + C rather 
than towards the converse. 

(6) Assuming that the reaction CO2 +C 2cO 
actually does take place, once the gases have passed up 
through this zone of decomposition of the limestone 
there is always an abundant quantity of deposited carbon 
present in an exceedingly favourable condition for 
chemical reaction, and it appears probable that the CO2 
would take this carbon in preference to attacking the 
soft coke. As carbon deposited by the reaction 2CO = 
CO + C is entirely carbon previously burnt and simply 
transferred, it would not show as an addition to solution 
loss. 

The cause for this increase in CO, and consequent 
increase in the consumption of fuel when using soft coke, 
may be that, as the coke descends in the furnace, abrasion 
a 4 crushing take place, causing “ fines ” and that these 
“fines” tend to fill up the interstices in the burden ; 
the velocity of the is thereby inc , giving them 
less time to react with the ore, whereby less CO is formed, 
the proportion of CO is increased, and the calorific 
efficiency of the carbon unit is decreased. 

This view is supported by the fact that a considerable 
saving in fuel has been observed when the charge has 
been crushed to a uniform size. Apart from any 





economy which may occur from the practical considera- 
tion that uniform size of ore makes for uniform reduction 
and consequently uniform working, when the materials 
of the charge are all reduced to the same size, the maxi- 
mum amount of free s between the individual 
particles is obtained. The velocity of the gases is 
thereby decreased, giving them more time to act on the 
ore, whereby more CO, is formed, the calorific efficiency 
of the carbon unit increased, and the amount of fuel 
necessary a ton of pig-iron diminished in consequence. 
In both above cases the amount of loss or gain 
in the heat, brought about by the change in the propor- 
tion of COQ2 would effect the intervention of the geo- 
metric ratio described previously, and the primary 
effect would be intensified in proportion. 

If a furnace be blown with oxygen-enriched air, a 
diminution in the weight of gases per unit carbon burnt 
at tuyeres results from the reduction in the proportion 
of Noe present in the blast. There will be co uently 
an increase in the amount of heat absorbed by the burden 
due to the decrease in the value for w2 in the formula— 


aaa, /2w 
Cc we 

The increment of heat to the furnace from this source 
will also be subject to the geometric ratio. Even taking 
this effect into consideration, it will be clear from the 
above that not much economy is to be awaited from a 
small increase in the percentage of oxygen in the blast, 
especially when it is recognised that there is at the same 
time a reduction in the amount of heat conveyed to the 
furnace per unit carbon burnt, due to the diminished 
proportion of N2 in the mixture blown. 

The conclusions to be arrived at from the premises in 
this paper are : 

(1) That a relationship exists in the blast-furnace 
between heat added to and heat developed and absorbed 
within the furnace, whereby the ultimate calorific effect 
of a variation in the heat supplied is in geometric ratio 
to the amount of the initial change ; and co uently, 

(2) That for countries with such a low avicgnep auuaiae 
oo as England, it does not pay to install the dry- 

t. 
(3) That the crushing of the materials of the charge to 
@ uniform size may be expected to result in a considerable 
er 4 of the fuel required per ton of pig-iron. 

(4) That the process of blowing with oxygen-enriched 
air is not likely to result in any appreciable saving for a 
small percentage increase in the oxygen. 

In conelusion, the author wishes to express his indebted- 
ness to Mr. Maccoun, whose admirable work was of the 
utmost assistance to him in the development of the views 
brought forward in this paper. To his brother, Mr. J. 
Spencer Hollings, likewise he offers grateful thanks for 
much kindly help in revising the text. 





Unttep Srares Nationat Apvisory COMMITTEE 
For AERONAUTICS.— The reports recently issued by 
this body include one dealing with the kiln dryin 
of timber for aeroplane construction, another devo 
to the design of wind tunnels and wind tunnel propellers, 
and a third describing the properties of various special 
types of radiator for aircraft. In the last mentioned 
report three classes of radiator are dealt with, viz., 
radiators with flat-plate water tubes, fin and tube type 
radiators and radiators that whistle in an air current. 
Curves and tables showing the performance of each type 
are included, and comparisons are drawn between the 
flat plate and whistling types. Empirical] equations are 
also given for estimating the performance of flat-plate 
radiators of various dimensions and the effect of yawing 
the radiators is also briefly considered. Other reports 
dealing with the stability of parachutes and helicopters, 
bomb trajectories, and limiting velocities of bodies falling 
from a great height have also reached us as well as one 
comparing the United States and British standard 
pitot-static tubes. These tubes were com: at wind- 
speeds ranging from 20 to 160 m.p.h., and, as we should 
have 6. » were found. to be in complete agreement 
within the limits of experimental errors, both giving true 
pitot readings. Any of the above-mentioned reports 
may be obtained on application from'the National Ad- 
Nw Committee for Aeronautics, Washington, D.C., 
U.S.A. 


Stow Decomposition or Srmicatzs By CARBONIO 
Actp.—Assuming that carbonic acid should, at or- 
dinary temperatures, be able to react with silicates and 
even with hydrated silica itself, C. Matignon sealed up 
in 1909 some natural silicates and also glass, all well 
powdered, with water in glass vessels which were charged 
with CO2 at a pressure of 10 atmospheres. The vessels 
were opened again recently after an interval of ten and a 
quarter years. On May 17 last Matignon and Miss 
Marchal communicated the results of their examination 
to the Paris Académie des Sciences. It was found that 
all the substances had been attacked, though only 
slightly. As the vessels were left to themselves and 
apparently not disturbed in any way, the conditions, 
perhaps, hardly favoured chemical action. The cor- 
rosions were in the following order : Wollastonite, calcium 
silicate, Si O; Ca, was irregularly pitted; taleum, mica 
and diophase, Si O; Ca, and quartz itself showed smaller 
pits ; asbestos had lost its lustre, but was hardly cor- 
roded, and the attack on glass was almost imperceptible. 
The experiments are not conclusive and are to be con- 
tinued. Only 2 grams of the substance were taken in 
each case, and the experiments were made in glass vessels 
which would themselves be attacked. There is no 
information about the kind of glass used. One is rather 
surprised to learn that quartz suffered more than glass ; 
on the other hand, the delicate weathering tests on 
optical glasses do not always accord with general 

emical stability tests. 
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